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NOTICE

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government procure-
ment oparation, tha United States Government thereby incurs no responsibility
nor sany obligation whatsoever; and the fact thet the Government may have formu-
lated, furnished, or in any wey supplied the said drawings, specifications, or
other data, is not to be regarded by implication or otherwisz as in any manner
licensing the holder or any other person or corporation, or conveying any
rights or permission to manufacture, use, or sel! any patented invention that
may in any way be related thereto.

This document is subject to spacial export controls, und each transmittal
to foreign governments or foreign nationals may be made only with prior
approval of Deputy of Engineering, Directorate of Propuision & Power Subsystem
Engineering ASNJD, Wright-Patterson Air Force Base, Ohio.

The distribution of this report is limited because it includes informa-
tion of test and evaluation requirements for equipment tc assess service life
and reliabitity of turbojet engines.

Restrictive legends on drawings included in this report do not apply.
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FOREWORD

The hardware covered in this report was developed under USAF Project
3147, Task 314701, by AiResearch Manufacturing Company, a Division of The
Garrett Corporation, 2525 West [90th Street, Torrance, California, in response
to Purchase Request 120143, initiated by Aeronautical Systems Divislon, Air
Force Systems Command, United States Air Force. This research and development
program, for a Turbojet Engine Analyzer System, was conducted in compliance
with Contract AF 33(657)11503 covering a time period of May 1963-July 1965.

The project was administered for Aeronautical Systems Division, Directorate
of Propulsion and Power Subsystems Engineering, Deputy for Engineering by
Hollis G. Zerkle, (ASNJD), who served as Air Force Project Engineer

This technical report has been reviewad and is approved.

Richard M. Ellis, Chief

Alr Bresthing Engine Branch
Engine Development Division
Directorate of Propulsion and
Power Subsystems Engineering
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ABSTRACT

This report describes Turbojet Engine Analyzer Systems as developed for
application to J75~19W and J79-15 engines. Included are descriptions and design
details of each major system component. The theory of operation, the modular
breakdowr, the self-test provisions, and the adjustments of the components are
presented. Similar materiasl is included on the System Ground Calibrator, a

piece of ground support eguipment.

The system is designed to monitor, analyze, and assess complete turbojet
engine performance during ground and flight operations for the purpose of detect-
ing required maintenance and diagnosing incipient or actual failures.

This abstract Is subject to special export controls, and each transmittal
to foreign governments or foreign nationals may be made only with prior appro-
val of Deputy of Engineering, Directorate of Propulsion & Power Subsystem
Engineering, ASNJD, Wright-Patterson Air Force Base, Ohio.

- —— e — - - - e
R . o e
- e —

PR

[P EOR

FRrRE ST

o b b

D D N PRI M MR I S5 Sl s © 38 6 318 1 it St e

!
)




———

TN ) e

R A L

U YT TR R gy

AR ES TR s (ol o IR TS PRI

baaiate bl

TR YA IR ] P S e

’ T P . DT

Paragraph

Appendix

— e ——

1.0

2.0

1
1I
I1I

CONTENTS

INTRODUCTION

DISCUSSION

2.1

2.2

2.3

2.4

General

Description of the F-105D System
2.2.1 Transducers

2.2.2 Computer/Display

2.2.3 Signal Data Translator
2.2.4 Recorder

Description of F=4C System
2.3.1 Transducers

2.3.2 Computer/Display

2.3.3 Signal Data Translator
2.3.4 Recorder

Ground Calibrator

2.4,1 Calibrator Sub-Units

2.4.2 Simulator Characteristics and Accu, acy

Circuit Schematics for F-i050

Circuit Schematics for F-4C

Circuit Schematics for F-(05D0 and F~4(C
System Ground Calibrator

ST ————— [P

Page

L L e

32
52

57
63
67
70
70
75

80

Page
85
s

149

[P e

rda i A =1

BN M o il o i LI radid A

/’“

L R DY gy




P

P—

et

Figure

S rev——

ILLUSTRAT IONS

Turbojet Engine Analyzer System Functicnal Block Diagram

(J75-19W Engine)

Turbojet Engine Analyzer System Functional .Block Dlagram

(J79-15 Engine)

Data Acquisition and Processing Block Diagram
Engine Analyzer System Computer/Display
Computer/Display Face

Computer/Display Signal Flow Diagram

Block Diagram and Exploded View of Computer/Display
Computer/Display Self~Test Circultry
Computer/Display Showing Calibration Adjustments
Signal Data Translator

Front View Photograph of Signal Data Translator

System Timing Diagram Recording System Signal Data
Transiator and Recorder

Block Diagram of Signal Data Translator
Analog-to-Digital Converter

Signal Data Translator Exploded View

Signal Data Translator Self=-Test Circultry

Engine Analyzer System Data Recorder, Isometric View
Recorder Functional Diagram

Computer/Display Selif-Test Circuitry

Engine Analyzer Ground Caljbrator

Engine Analyzer Ground Calibrator Block Diagram

Ground Calibrator Face

vi

Page

29
31

33

35

39

41
48
51
33
54
L)
68
72
74

76




i AT

e R L R

b

»

[remmp——

[ -

M T T bt LT

DR

e 4 TSI 8.y

T L T Pvam.

o e—e

T .t w i

Figure

[
ny

24

25

26
27
28

29

30

31

32

33

34

35

38
39

40

Block Diagram of Ground Calibrator SDT Readout
0il Breather Pressure (P/N 538947-2) and
Compressor Discharge Pressure (P/N 538947~1)
Transducer Circuit Schematic

Compressor Discharge Temparature Transducer 2/K 538952)
Circuit Schematic

Compressor Inlet Pressure Transducer (P/N 538962-1-1)
Circuit Schematic

Exhaust Gas Transducer (P/N 538380) Circuit Schematic
0i} Temperature Switch (P/N 538948) Circut Schematic
0il Temperature Transducer (P/N 538950) Circuit Schematic

Power Lever Angle Transducer (P/N 538444-1-~))
Circuit Schematic

Compressor Discharge Fressure Transducer (P/¢ 538947-1)
Circuit Schematic ‘

Compressor Discharge Temperature Transducer (P/N 538952)
Circuit Schematic

Compressor Inlet Pressure Transducer (P/N 538362-1-1)
Circuit Schematic

Exhaust Gas Temperature Transducer (P/N 538382)
Circuit Schematic

Exhaust Nozzle Area Transducer (P/N 538440-1-1)
Circuit Schematic

Inlet Guide Vane Transducer (P/N 538422-1-1)
Circuit Schemetic

0il Pressure Switch (P/N 538957) Circuit Schematic

0i1 Sump Preccure Traneducar (P/N S38247-3)

Circult Schematic

0i) Temperature Switch (P/N 538948) Circuit Schematic
Cil Temperature Transducer (P/N 802187) Circuit Schematic

Power Level Angle Transducer (P/H 53B444~i~))
Circult Schematic

vil

Page

76

87

88

89

90
9
92

93

117

Lis

1i9

i20

12!

122

123

125
126

127

T o T e ¢ B TR b




H At

fable

II
18 81
VI

VI

VIl
vIiu
X

XI
X1l

X111

X1
Xv

Xv]

vitew

AVLL

XVIII

TABLES

F-105D Englne Anzlyzer System Data
F-105D Fngire Analyzer System Power Data
Computer/Display Flag Characteristics

J75-P=19W/F-105D Refarred Fuel Flow Computer/Display
Inputs, Functlion Ranges, and Siew Rates

J75=-P=19W/F~1050 Englne Temperature Retlo Computer/Display
Inputs, Function Ranges and Slew Rates

Parameter Frequency of Signal Dats Translator Output
F-105D Englne Analyzer System

Signal Data Translator Inputs

Time Sequence of Signal Data Translator Output
Significant Recorder and Output Tepe Features
F-4C Engine Analyzer System Data
Computer/Dispiay Flag Characteristics

J79-GE-15/F-4C Referred Fuel Flow Computer/Display Inputs,
Function Ranges and Slew Rates

J79~GE~)5/F-4C Engine Temperature Ratio Computer/Display
Inputs, Functlon Ranges and Slew Ratas

F-4C Signal Data Transliator Irputs

Parameter Froquency of Signal Data Translator Output,
F=4C Engine Analyzer System

Time Sequencs of SDT Output
Front Fenei Function

Fixed SDT Functions (Internal to Calibrator)

viil

Page

37
38
52
58
04
&5

69
70

71
8i
82




oA

AR e BTy

LR

ET b T g -

s

oy

{.0 INTRODUCTIOM

The Turbojat Engine Anslyzer System Program was iritiated by U. §. Air

Force Operstional Support Requiremant (OSR) 322 in July 1958, That document
established the requirement for sn Engine Anelyzer System which was to upgrade
the task of maintsining aircraft turbojet engines. The desired functions were
élg assessment of current engine condition, ?2) disgnosis of malfunctions, and

gredlctIOn of next mission confidence and time until meintenance. It wis
recognized that achievement of these gosls of assessment, diagnosis, and pre-
diction would logically lead to achievement of the overall objectives of reduced
maintenance costs, increasad operational effectiveness, and Imprcved flilght safety.

The program has been characterized by an orderly development progression
under USAF control. For a short period following the establishment of the OSR,
various attempts were made to implement the requirement by the most simple,
straightforward, obvious approaches. While these wera valuable efforts, the
results were insufficient, and in 196! competition was held to select a con-
tractor for a bssic study program. Separste and parallel studies were awarded
to The Garrett Corporation and to General Eiectric Company to determine the
feasibility of the requirement and to establish the basic theory behind its imple-
mentation. Both studies were completed in mid-1962 and both concluded that the
system was, in fact, feasible.

A major objective of the study program was to determine what engine parame-
ters to measure, how and where to collect these data, how to rapidly &nd auto-
matically interpret them, and, finally, how to present the svaluated results
to Air Force maintenance personnel in optimum fashion. At this point, a second
competition was held, resulting in the selection of The Garrett Corporation as
the Phase II contractor. Beginning In April (965, the study recommendations
were implemented in @& program including final hardware design, hardware fabri-
cation, installation on two F-1050 and two F-4C alrcraft, finallzation of digi-
tal computer programs, and conductance of & one-year fiight test program and
processing of test dats.

This report describes the hardware utilized in Phase 1I of the program. A :

Cmnnie" report, SEGC-TR-47 Lu, presents the results of the !‘!I,IIL \-5\.,

evaluation of the engine analyzer systems and describes the development and
application of data processing programs for analysis of engine analyzer data,

Rl o A 5 9 i SRR ARSI




YWY

n

Pyt
Va3
r

seas

aN
L]

[+]
<
=y
[ 7]
€}

»n
.
~

saneral

The Turbo]et Engine Analyzer System Is functlonslly represontad Iin Fig~
ures i and 2. The system measursas Indicative engine ¢perating paremsters by
means of the network of transdurars, sensors, and switches, The signals from
these devices are used for two purposes. The Computer/Dlisplay moniters cer-
taln 4f the parameters; [f any of these operating conditlons exceed pradeter-
mined 1imits, red flags are presented on the face of the Computer/Display to
Indicate this over=limit occurrence. The Signnl Data Trenslator converts
Input analog signals into digital signeis and sequentially feeds them to the
Recorder, along with certaln parameters caiculated by the Computer/Cisplay,
and with documentary ltdentiflcatlon data, such as engine serial number and date.
This documantary data is manually entered Into the Engine Analyzer System by
means of digital thumbwksals on the face of the Signal Data Translator. The
racorder ther produces a record on magnetic tape of the measured e¢ngine opera-
ting conditions throughout the flight. This tape recording can be processed by
& digital computer facility using the Turbojet Engine Analyzar Data Processing
Program to yleld analyses of the heslth of the engine, !ts performance, and
1ts efflclency, to find trends In the degradation of the heaith and perfor-
mance of the engine, and to extrapclate these trends to predict future englne
efficlency, performance, health, and life expectancy. Figure 3 Is a block
dlagram of the date acquisition and processing system. <Shown are the data,
equipment, and steps involved In making an engine health assessmant and
dlagnosis.

As evident from Figures | and 2, two Engine Analyzer Systems have been
developad: One for J75-19W engines (F-1050 aircraft) and one for J79-15
engines (F-4C glircreft). They will be referred to hereafter as the F-105D
System and the F-3C Systen.

2.2 Descr - D stem

The F-105D Englne Analyzer System comprlses one Computer/Dlsplay, one
Signal Data Translator, ons Recorder, one set of transducers, and Interconnec :=

snd connectore. A complete list of the transducers

Ing cebles, pneumatlc llnes,
Is glven !n Table I; the table 2lso presents sallent characterlstics of the
Englne Analyzer System including the p&rt numbers, form-factor, and welght of
each of the major 3ystem coroonents, Table II presents the power requirements
of the system components. Anpendix I presents complete electrical clircultry
schematic for the system components.

2.2.1 Transducers

The system Includes a set of transducers which measure the temperatures,
pressures, ON=OFF switch conditlons, fuel flow, and speed (rpm) which
indicaio changss of the sngine oparaiing conditions. The ransducsis &
the followlng types:

l. Varlable reluctance transducers

——
TS Wi

2. Positlion variable resistance transducers

3. Temperature varlabia resistance transducers

Ao Pressure swltches

s
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F=1050 ENGINE AMALYIER SYSTEM DATA

YASLE 1

Part Size (Inches) Welght

System Components Humber helght x width x depth (ib)
Computer/Display 5302541+ 7 by 6.5 by 9.88 18.9 -
Stgnal Dats Translator 538250-1~1 5.5 by 5,25 by 12.5 17.7
Recorder 538956 5 by Il by I 22,78 i
TRANSDUCERS E
Afterburner Switch#
Anti-Ice Switch®
011 Bresther Prussure 538947-2 ! g
Compressor Discharge 538947-1 i
Pressure
Comprassor Dlscharge 538952
Temperature '
Compressor Inlet Pressure 538362-1-1 %
Engline Pressure flatlo* 61=2484%%
Exhaust Gas Temperature 536380
Indicator
Fuel Flow Transducer® 61 =-2456%*
Ignition Switch*
0l1 Pressure Switch® ]
0i1 Pressure Transducer® 6] ~2479%% :

*Engine analyzer system uses exlsting alrcraft transducer or switch

##Ar Force Equlpment Reference Numbers {AERNO)

A Includzs tape and reels
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TABLE I (Continuad)

Part Size (Inches) Welght
System Components Number helght x width x depth (1b)
0l1 Temperature Switch 538948

011 Temparature Transducer 538950

Power Lever Angle 538444~ -1 i
Spool Speed (N, and K,)* 61-87320 |
Inlet Total Temperature 60=|625%% :

Water Injectlon Switch®

*Engine analyzer system uses 4xisting alrcraft transducer or switch
##Alr Force Equipment Refersnce Numbers (AERNO)
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F=-1050 ENGINE ANALYZER SYSTEM POWER DATA

Computer Display 538254~1-1, S/N 44-R2 (A1l masurements made with nominal
Inputs of 115 v, 400 cps, and 28 v dc)

Qulescent Slew Self Test

{VA) (PF) (VA) (PF) (ya) (PF)
A Sec 36.8 0.75 37.4 0,75 35.7 0.7%
‘a Sec 7.3 0078 7.3 0.78 7.3 0.78 su’t'lﬂﬂd
GC SGC 7.3 0.78 7.3 0078 7.3 0.78
6A PRI 0.2 0.80 9.2 0.80 9.2 0.80 Start-Up

: and

D-C PRI 6.5 w 9.8 w 9.8 w Shut=-Down
D-C Sec 14,0 w 16,8 w 25.5 w

Slignal Data Translator 538250-1-1, S/N 34-R2 (Al] measurements made with
nominal Input of 115 v, 400 cps)

A Sec 12.7 VA PF .9
#B Sec 10.4 VA PF .9 Sustained
#C Sec 10.7 VA PF .9

Recorder 538956, S/N 104 (A1) measurements made with nominal Inputs of 115 v,
400 cps, and 28 v dc)

28 v dc Sec 32,0 w

EGT Indicator 54812 (net measured valus). Powered with 400-cps power

fto va Startelin. fShut-Bown and
L4 == s SEEE

wes bl Lty

Sustained
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6. Indlcators (EGT)

7. Tach-generators

8. Synchro cutput transducers (EPR, fuei flow)
9. Relay contacts and limit swltches

A 1ist of the trensducers used In tha F~1050 Engine Anelyzer System Is Included
in Tabie I of thls section. This table Includas the welght and dimenslions of
major units, in addition to the applicabie AlResearch part number or Alr

Force Equipment Reference Numbur (ASRNO). The following parsgraphs briefly
describe the functlon of esch transducer.

2.2.1.1 Afterbyrne Swi

The afterburner signal to the Computer/Lisplasy and Slgnal Data Translator
Indlicates that the A/B switch on the throttle (zockpit) has besn sctivated. A
complete description of the A/B system Is found In Alr Force Flight Nanual
T.0. IF-1050-1, pege 1~15, and Is shown 'n Figure !=9 of that manual. The
snalyzer system Is Isolated from the aircraft afterburner system by an Iso-
letlion relay,

2.2.1.2 Antl-Ice (A/1) Swltch

The antl-Ilce signal Indicatas that the A/1 switch In the cockplt has
been activated. The Engine Analyzer System recelves this signal from switch
$-214 on the aircraft. The wirlng dlagram of the A/l system Is found In Alr
Force technlcal manual T.0. IF-108D-2-12, page i-84, Figure {-21.

2.2.1.3 Breather System Pressyre (Poll b) Irensdyucer

This transducer measures the absalute gas pressure in the oil tank,
bearing sumps and N, gqearbox. The transducer Is a variable raluctance type
with a range from 0 to 25 psla. The transducer output voltage varles from
0 to 500 mv at 400 cps for an Input pressure change from 0 to 25 psla with

a load of 20,000 ohms across the output.

2.2.1.4 Compressor Discharge Pressure (Pcd) Transdycer

This transducer measures absolute pressure 2t the discharge of the com-
pressor. The transducer 1s & varliable reluctance type with a range from O to

310 psla. The transducer output voltage varies from 0 to SO0 mv at 400 cps
for an Input pressure chande fram O to 310 psla with a load of 20,000 chme

ww wiine

across the output. The output signal |s then supplied to the Slignal Date
Translator.

10
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2.2,1.5 Compressor Discharge Temporature (Tcd) Transducer

The compressor dlscharge temperature transducer Is a veriable resistance
element mads of platinum wire, snd has & tempsrsture renge of -100°C to +500°C
with & noalnal resistance of 50 ohms at 0°C. The probe tip has an applied
operating pressure of 0 to 500 psla,

2.2.1.6 Compressor Inlet Pressyre (Pt,) Transdyger

The compressor Inlet pressure transducer utlllizes a servoed force-balance
sensor and provides output voltages proportional to the natural logarithm of
absolute pressure, switching sction occurring at certain time-rates-of-change
of the logarithm of absolute pressure, and a voltage proportional to absolute
pressure,

2.2.1.7 Engine Pressyre Ratig (EPR) Transducer

The EPR transducer Is a pressure ratlo synchro-style thrust transmitter
type MK-2). Dual outputs are provided as follows from one synchro to:

a. An Indlcator with a range of .2 to 3.4 unlts (type MR<1) In the
cockpit

b. An Input to the SDT Scott "T" transformer

2.2.1.8 Exhaust Gas Temperature QEGTI Transducer

The exhaust gas temperature system consists of existing Chromel-Ajume!
thermocouple probes in the engine that actuate a single-polint null-balancing
type Indicator In the cockpit, The Indlicator in turn provides four output
signals to the engine analyzer. The four outputs are two potentlometers
(pots) and two switches: switch "A" closes at 752°F (400°C) for hot start
and switch "B" closec at 1300°F (704°C) for In-flight overtempsrature; pot "I
Is a log function of EGT and pot "2" Is exponentla! function of EGT.
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2.2.1.9 Fuel Flow (Hf) Transducar

The fue) flow transducer is a remote Indicating synchro-style rate of
flow transmitter (type MA-1). The synchro outputs feed the following:

a. An indicator with a range of 400 to 24,000 pph (type MA-2) in the
eockplt

b. A resolver in the C/D fue! filow servo

2.2.1,10 Jgnition Switch

The ignition switch signal Is obtained from » slave relay on the alrcraft
(K=9) located in relay box A-5. The complete wiring dlagram of the alrcraft
Ignition system is found in Air Force T.0. |F-105D-2-12, page 1-89, Figure |-25As

2.2.1. 11 0i} Pressure Switch

The oll pressure switch is a differential~pressure-actuated switch used
Aas a warning device to Indicate the loss of turbine engine lubricating oll
pressure. The switch provides a ground signal to the Computer/Display upon
loss of oll pressure.

The pressure switch has a pressure and vent port and is actuated by the
pressure differential between ports. When oll pressure s above 38 (+40,~3)
psid, a diaphragn in the switch housing mgintains the switch contacts In the
open position. When booster-pump pressure drops to 31 (%)) psi and below,
the diaphragm closes the switch contacts, providing a ground clircuit to the
master caution control box. The pressure switch operotes as folilows: on
incressing differential pressure, the switch wil! open the circult at 38
(40,-3) psid and or decreasing differential pressure the switch will close at
31 (%1) psid.

) Transducer

2.2.1.12 01) Pressure ("on )

The oil pressure transducer is a variable reluctance pressure trans-
mitter (TRU-20/A). The output signals sre supplied to an Indicator (type M0-2)
in the <ckpit and to the Signal Data Translator.

The TRU-20/A is & variable reluctance type transmitter having only one
moving part, the armature that moves axially through a pair of fixed
hermetically sealed colls. Oi] and breather pressure entering the transmltter
througih their respeciive poris oct againsi dlaphragns connected at sach end
of the armature shaft. When the oll pump Is operating, the axial trave! of
the armature will be in the direction of the lesser pressure; thus, the
values me.suicd by the transmitter will actusliy be the differential pressure
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between the oil pump output pressure and the breather pressure. As engine ofl
pressure enters the transmitter it defiects the dliaphragm, thus changing the
position of the armature relative to the fiux alr gaps. This actlion changes
the relative inductance values in the two halves of the transmitter coll
causing a change in voltage at the center tap of the Indicator. The oll-
pressure Lransmitter Is mounted on the left side of the engine on the acces-
sory gearbox and is accessible through Access Door FF-101.

In some alrcraft, the MH-5 synchro output transmltters sre used.

2.2.1.13 Qi) Tempsrature Switch

The oi1 temperature switch Is a temperature actuated swltch used for
indicating excessive oll temperature on the alrcraft englne In flight, The
switch provides a ground signal to the Computer/Display upon excessive
temperature cond!tions

2,2.1.14 Qi) Temperature (Toil) Transducer

The oil temperature transducer is a clamp-on and adhesive bonded temperature
transducer used for measuring the oil temperature of the aircraft englne in
flight The transducer output is a varfable resistance signal supplied to (he
Signal Data Translator.
2.2.1.15 Power Lever Angle e

The powsr iever angle transducer Is a single turn precision linear
varlable resistor, The output goes to the signal data translator.

2.2.1.16 $pool Speed (NI) Transducer
The spoc! speed transducer N; Is a miniature electric thrée-phase, two-
pole a-c tachometer-generator (GEU=7/A).

NOTE: While provisions were made for measuring this parameter, the tachometer ;

2.2.1.17 $pgol Speed (Nz) Iransducer é

The spool speed transducer Ny is a miniature electric two-pole, three
phase a-c tachometer~-generator (GEU-~7/A). The output signal goes to Computer/
Display and the cockpit indicator, type ERU=5/A.

i

2.2.1.18 Total Tempersture (Tz) Transducer

The total temperature transducer ls a dual element total temperature probe
capable of operating during atmospkeric icing conditions. The dual elements are
platinum wire, temperature-variable resistors which have a nominal resistance of
%0 ohms at 0°C. The standard F-105D temperature probe (single element) Is
replaced with a dus! element probe; the extra element Is used for the
engine anelyzer system,
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2.2.1.19 Water Injection (WI) Switch

The water injection signal indicates that the water injection switch in
the cockpit has been activated.

2.2.2 Computer/Displey

The Computer/Display is & major component of the Engine Analyzer System,
This unit, shown In Flgure 4, Is located on the F-105D In the CIN compartment.

The Computer/Display presents red-fiag indications when any of several
engine parameters exceed predetermined limits. The flags, once tripped, hold the
indicat!on magnetically until they are manually reset by a ground crewman. The
device also presents an accumuliated total of the engine operating hours, and of
the hot section growth factors (a function of englne time and temperature). 1In

addition to this data presentation, the Computer/Display provides some of the
data recorded in flight.

The front face of the Computer/Display is shown in Flgure 5. The in-
dicators are grouped according to parameter, ss shown in the figure. The con-
irols in the top row on the Computer/Display are the calibration adjustments and
the self-test switch. The calibration adjustments, which are normally covered
by a shield to prevent any accidents] change in adjustment, are used to adjust
the Computer/Display for engine-to-engine variations, The self-test provided is
a two-level check of the flag display=. The calibration adjustments and seif-
test are covered in detail later in this section. The history card on the front
of the Computer/Display shows the correction used for finding true engine operat-
ing time. Instructicns for Its use are given on the card.

2.2.2.1 Computer/Display Theory of Operation

a. Summary - The Computer/Dispiay mechunizes test cell and thermodynsmic

performance parameters to provide a go/no-go assessment at shutdown of gross
engine health. The tests are:

l. Starting and stopping

a. Hot start
b. Slow start
<. Fast stop

2. Steady-stete engine performance
a. Referred fuel flow
b. Engine temperature ratio
3. Maximum limit parameters

a. High EGT

b. Engine overspeed: High and maximum

14
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c. Low oll pressure
d. Hligh oll temperature
4, Expended hot section factors
5. Time Data
2. Engine time since overhaul
b. Elapsed time Indication

Since the object of the Computer/Display is to assess gross health rather
than perform engine diagnosis, it considers the engine In its entirety rather
than its component parts. Table III shows the performance, mechanical, and
maximum~1imit parameters assessed during fliight and their test conditions and

iimits.

The Computer/Display contalns all of the slignal condlitioning required to
make It an autonomous unit from the Signal Data Translator and Rezorder.

Perfoimance Parameter Checks - The Computer/Dispiay continually
compares measured values of fuel flow and EGT ratio against specified perform-
ance to assess whether the engine Is working withlin tolerances. The computa-
tions are standardized to sea-level conditions and corrected for Reynolds

number effects.

Maximum Limit Checks - MaxImum 1imits exist and are mechanized for
exhaust gas temperature, spool speed, starting time, and coastdown time.

Mechanical Parameters - The mechanical parameters checked by the
Computer/Display are oll pressure, and cll temperature. Provision for a mecha-
nization of a check on oil consumption at a later date is also included in the

Computer/Display.

Signal Flow Diagram ~ A signal flow diagram of the Computer/Display
Is presented as Flgure 6. This chart graphically illustrates the operation of
the unit. The Inputs are shown with the ranges of the input devices, the
scale factors, and applicable military speclifications. The signal conditioning
which Is performed on each input and the uses of each input are also indicateed
on the chart. The signals requlired for each of the reference parameters are
shown, as well as a tabulation of the equations, and the trip points of each

of the flags.

Study of this signai Tiow diagram provides a working knowiedge of the
operation theory of the Computer/Display. The chart Indicates which ot the

engine operating parameters affect which flags and the point at which each flag
should trip.
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TABLE I1iI

COMPUTER/DISPLAY FLAG CHARACTERISTICS

-

Test

Test Condifion

Failure Triqqer Level

Slow Starg

Fast Stop

Reterred Fuel Flow

Engine Temperature
Ratio

High EGY

a. Hol Start

b. Obscrvation

Engine starting cycle
from ignition or 10%
vpm to S0% rpm. Locked
out thereafter

Engine shutdown
50% to 10% rpm

Stcady-state engine
opetation, non-
afterburning, non-
water injection
operation

Steady-state engine
Operation, non-
afterburning, non-
water injection
operation

Engine starting cycle
to 50% rpm. Locked
out thereafter

Sustained engine
operation

Greater than 40 sec

less than 25 sec

Ve meas -H; ref = 10 YE ref
ETR meas - ETR ref > .06 ETR ref

Greater than 400°C
(Thermocouple time
constant prevaiiing)

Greater than 704°C

o Engine overspeed
a. Maximum Any condition Greater thar 108% N,
b. Noimal Any condition Greater than 106.5% N,
7 Low Qil Pressure N, greater than 90% Less than 31 psid
8. High Qi) Yemperature | Any condition Greater than 121°C
9. Expended Hot Section | EGY greater than Accumulation
Factors 1572°R 1600°C)
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t. Jrensient Engine Performance - Three tests are dependent on englne
starting and stopping charscteristics. They sre:

1. Hot start
2. Slow start
3. Fast stop
These parameters are monitored under all starting conditions.

Hot Start ~ Hot start is monitored In the Computer/Cisplay by replac-
ing the standard EGT indicator in the F-~105D with a mod.fied MIL-1-2729A servoed
indicator. The modification consists of addition of two switches and two poten-
tiometers to the servo shaft. The switches are set at 400°C and 704°C, and
adjustable 21{1°C.

The 400°C switch Is used to signal high starting exhaust gas temperature.
The 704°C switch signals high operating EGT. One of the potentiometers pro-
vides the hot section factors signal to the Computer/Display. This function
is discussed later In this section. The other potentiometer suppllies the log
function of EFT to the Computer/Display.

The 400°C starting 1imit, which wes obtained from the F-105D Flight Manual,
T.0. (F-105D=1 dated 15 July 1952, appexrs low at first glance; this, however,
is due to the thermal lag assoclated with the thermocouples.

For spoo! speeds less than 50 percent, ihe hot start switch Is connected
directly to the high start EGT flag. Should this switch close under these con-
ditions, this flag will drop.

tocatlion of the switches In the EGT indicator assures thst all hot starts
are monitored under any condition.

Slow Start = Siow start is detected by monitoring the time It takes
for the engine to accelerate from 10 percent (or ignition) to 50 percent rpm.
The limit for the slow start measurement Is 40 sec, which was obtained from
Pratt and Whitney Engine Specification A-2637A dated 15 July 1952

Fagt $top - Fast stop is monitored in the Computer/Display by clocking
the time It requires for the engine to siow down from 50 percent to (0 percent
rpm. A faliure trip will occur whenever the time required for the engine to
stop Is less than 25 seconds. An Interval adjustment provides for changes #25
percant. Thls adjustmant ls not accessibla from the Computer/Display front face,
which precludes ground maintenance personne! from inadvertantly resetting them.

Cutting off the speed measurement at 10 percent Is to eliminate the effects
of windmilling, and engine reaction caused by local wind conditions.
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c. Steady-State Engine Performnge - Steady-state engine performance
tests are made for the two referred engine parameters, fuel flow and engine
temperature ratio. These tests are predicated upon the thermodynamic properties
of the engine as it acts as a hot gas generator.

epdy- ¥ ig - Limits for the steady-state engline performance
detection have been set by reference to significant transient conditions such
as engine start, engine acceleration, and slrcraft climb at constant Mach number.

Alrcraft climb less than 20,000 ft/= v at sea level Is a conservative
estimate of engine steady-state perforrun.e. The simplest and most accurate
method of detecting this condition is thriugh wonitoring of compressor inlet
total pressure rate. The Compuier/Display meccanizes Ln Pt, rate, or
dLn?P

at and [y set at 0.06 log units per minute. Whenever the absoiute value

of the rate exceeds this 1imit, the Computer/Display is locked out to assure that
a false trip of the failure flags does not occur.

Engine acceleration is the rate of change of spool speed. In the Computer/
Display, the spocl speed rate is bused on the amount of energy that is required
to accelerate the spool. The threshold is set at a conservative 2000 rpm/min.
When the N; rate exceeds this value, the Computer/Dispiay is locked out.

A 90-percent spool-speed lockout is also Incorporsted in the Computer/
Oisplay. The 90-percent and higher power settings sre the areas where engine

data is significant due to higher stressing and operational design for this
area.

Standardization and Correction - The first Computer/Display operation
is to reduce the parameter measurements at speed and altltude to standard sea
level conditions. The necessary pressure and temperature corrections are com-
puted from i1 let pressure (Pt,) and temperature (TE.).

Fuel flow and exhaust ghs temperature gre both influenced by Reynolds
number effects that become significant when operating above 30,000 ft at low
to moderate speeds. The necessary corrections are computed from Pt. and th.

Water injection operation requires that the thermodynamic performance
parameters of the Computer/Display be locked out. Although Pta transient

detection at takeoff (water Injection Is used from takeoff to 8000 fi maximum)
will lock the Computer/Display out in most cases, it may not lock It out at
the beginning of takeoff roll where Pt. rate is low. To assure optimum

Computer/Display performance without faise flag trips, a weter injection lock-
out Is provided. The signal comes direct!y from the water injection pressure

switch on the water Injection caution light circult. The comparison is locked
out until water injection ceases.

22

Ve e+

TNy N

e o il

A s s d




g

2 TR R

i

L Ayt e, v e

g A 0 e

CIPTA LN b WA n b At e

A TR P

[

P

o

© e | S N

Engine fuel flow and exhaust gas temperature also depend upon the exhaust
nozzie area. The J75-P-19% has a two-position norzle that has 2 small area
for normal operations and a large area for afterburner operations. The
correlation between effectlve nozzle aress and mcasured nozzle arca is ex-
tremely poor during afterburning operation. As a result it is Impo: ‘ble to
adequately correct the fuel flow and engine tempersture ratio compui.:ions
during this mode. To preclude false trips of the fuel flow and ETR flags,
the comparison is deactivated during afterburning.

Steady-State Performance Parameter Computations - For stesdy-state
engine operations, the Computer/Display continuously compares measured values
of engine temperature ratio and referred fuel flow with that scheduled as a
function of referied engine spool speed when corrected for bleed losses and
Reynolds numbar. The steady-state loglc previously describad deactivates the
computations when translents are encountered. Steady-state conditions must be
held for |0 seconds (nominal) for engine to stabilize before the computation
Is reactivated. Deactivation of the comperison test occurs In less than &
seconds when transient conditions are encountered.

The measured fuel flow and engine temperature ratlo must exceed their ref-
erence limits for a minimum of |0 seconds before a failure flag will trip.

Variations from engine to engine within a given class can cause the N,
reference curve to shift. To allow for variations in transducers and
installed engine characteristics, two callbration adjustments are provided to
allow offset of the curve in slope and in displacement by 10 percent. Inde~
pendent adjustments are maintained for the two offsets.

Data for the reference computations was derived from AFSC F-|050 Category
I! Performance and Stability Tests TDR 6i-47, March 1962, Appendix 3.

The referred fuel flow over-limit flag triggers when

1 - ] ¢
o meas ¢ ref = 0.10 wf ref
where H# ref is determined from the following computation
LM ref - f,(N]) x f5(RNI) x f‘(Hb) and is computed by the Computer/
¥
Display. W = and is also computed by the Computer/Display.

meas 4’5—
6tz t;

Tabie IV gives inputs, function range, and slew rates of parameters for
the referred fuel flow computation.

The engine temperature ratlo over-limit flag triggers when

ETR - ETR
r

meas of 2 0.06 ETR r

ef
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TABLE 1V

INPUTS, FUNCTIOK RANGES AND SLEW RATES

J75-P-19W/F- 105D REFERRED FUEL FLOW COMPUTER/DISPLAY

Input Function

Ve

TI

N:

RNI

Slew
SQurge Rangs
Fuel flow trans- 400 to 24,000 NA
mitter, Type MA-| | pph
per MIL-T-827%
Airframe total 390°R (-57°C) to  NA
temperature prode,| 1100°R (338°C)
Rosemont
HIL-P-27723A,
MIL-5-27186-2
Alrcraft tach- 0 to 120 per- NA
ometer per MIL-G~ | cent of N,
26611 Type GEU-7A
Computer/Display | 0 to 20,000 2000 pph/sec
servo repeater pph
Computer/Dlsplay 390°R (-57°C) {3°R/sec
isolation trans~ to 1100°R
former (338°C)
Force-balance 1.6 to 36 Equivalent to
pressure trans- psia in ¥, rate
ducer 2
range in |
minute
Computer/Display 0 to 120 25,000 rpm/
servo repeater percent Ny min
Computer/Display 6000 to Compatible to
N servo repeater | 9500 rpm Wy and Tt}
ratee
Computer/Display C to 0.6 Comratible to

RNI servo

Pt, and Tt

rates

Rate | Factor

Scale

Synchro--

25 pph/deg
to 6K pph
200 pph/deg
above 6K pph

Platinum

wire with
S0 re-

sistonce

at 0°
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where
ETR ¢ = Ts(Nj) x £, (RNI] x Te(w,)
and
ETR - 6T
meas T

ty
These calculations are performed by the computer/display.

Table V.  gives inputs, function range, and slew rates for parameters
for engine temperature ratio computation.

d. Maximum Limit Parameters - The computer/display mechanizes maximum
limit parameters of

£EGT overtemperature

Engine overspeed

Low oll pressure (for N > 90 percent)
High oil temperature

Limits for the parameters and conditions under which the tests zre valid are
shown in Table I11.

High Operating EGT - The EGT operating overtemperature limit s set
at the maximum limit with hot section inspection mandatory should the limit
be exceeded. To preciude loading of the EGT thermocouple system, the limit
switch Is located directly on the servo shaft of the modified MIL-1-27209-A
servoed EGT cockpit indicator. Closure of the switch wiii provide voitage io
the failure flag in the computer/display, dropping and latching the over-iimit
flag. Provisions are made to internally adjust the trip level by 2111°C, The
adjustment is inside the EGT indicator case. Dynamlc response of the system lis
limited by the thermocouples.

An interlock with a 50 percent spoo! speed switch on the N serve de-
activates the detection circuit whenever the engine is below 50 percent rpm,
which will be during start and shut-down. The limit is 704.4°C (see the hot

start discussion).

Engine Overspeed - Two limits are monitored and displayrd to test
the engine for overspeed. The iower limit (ngh N) requires compressor and
turbine inspection. The higher iimit (Max N) requires removai and teardown
of thz engine. The limit switches are on the N servo repeater shaft in the

computer/display.

The two limits, which were obtained from the F-1050 Flight Manual, T.0
1F-1050-1, dated 15 July 1952, are 106.5 percent N and 108 percent H,.
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TABLE V

J75-P- |SW/F-1050 ENGINE TEMPERATURE RATIO COMPUTER/DISPLAY
INPUTS, FUNCTION RANGES AND SLEW RATES

Slew Scale
1oyt lEungtion Source Rangye Rate Factor
" .- See Table IV See Table IV See Table
i IV
EGT EGT Indicator 700°R {116°C)
Modified MIL-1- to 2350°R
! 27209-A (1032°C)
: N, - Alrcraft Tach- 0 to 120 per- NA
; ometer per MIL- cent Ny
; G-¢601¢ Type GEU-
\ 7A
!
5 - T Computer/Display | 390°R (-57°C)|3°F (1.7%)
| ! Isolation Trans- to 1100°R per sec
i i former (338°C)
-- N, Computer/Display 0 to 120 per-|25,000
Servo Repeater cent N, rpm/min
-- N Computer/Display 6000 to 9500 [Compatible
N; Servo Repeater r pm to N; and
T, Rates
-- RNI Computer/Cisplay ¢ to 0.6 Compatible
RN] Servo te Ptz and
Tt; Rates
26
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Low Ol Pressure - Sub-normal oll pressure at cruise or higher power
leveis con be a serious problem in a Jet engine since the oll functions as a
ccolant =@ well as @ lubricant. The Computer/Display monitors the output of

E a pressure switch In the oll tine (a pressure transducer is used for the Signal
' Data Translator input).

.*.-
AR I TRATRE Y Yy

The existing low oil pressure warning switch is utllized to trip the
Computer/Displey warning flag. Diode isolatlon precludes undesirable loading
effects on the pilot's Indicstion. Characteristics of the switch are:

Opens for Poil > 39 psid

o
Ay (T RORY T TR

Closes for Poll < 23 psid

The tow=1limit flag is interlocked with a 90-percent H, switch to preciude
nuisance trips due to low oil pressure under starting and shutdown conditions.

e gy e

The appropriate limits were obtained from the F-105D Flight Manual
mentioned previously.

: High 03] Temperaiure - Due to the imporiance of the oil's bearing
. coolant function, high oil temperature is a cause for concern. Scavenge oil
temperature is monitored as & Vimit function, with the limit set at 710°R

(121°C), which was obtained from the £-105D Overhaul Instructions, T.0. 2J-75-3,
dated | Nov {961.
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High O0il Congumption - Provisions for mechanizing at a latzr date a
flag indication whenever the oil consumption exceeds a predetermined limit are
i incorporated in the Computer/Display.

: e. Expended Mot Section Factors - Theoretical data exist relating "hot
T z section growth factors” to the exhaust gas temperature. The theory is that

é operating at elevated temperatures accelerates the aging or deterioration of

: the erigina's hot section. This rate of expendliture lncreases with temperature
slowly at first but bacomes very severe as temperature increases. The validity

) of this theory snd the correiation of expended life values to engine condition

5 are current!y being evaluated by the Air Force. Because of the theory behind
the concept and the keen current interest in the technique, the Computer/Display

incorporated clrcuitry to monitor exheust gas temperature with a non~linear

drive and timer. The engine's asccumulated expended life factors are displayed

on the face of che Computer/display. The display can be reset with the

appropriate engine expended life in the event of replacing the engine of
Computer/Display.

-

R TR L TL I

ai—

27




f. Epgine Operating Time - Engine Operating Time is monitored by actuat-
ing » counter whenever spool speed exceeds 350 percent Ny. The power sequencing

is accomplished threcugh a relay drive from the S50-percent switch on the Ng
Servo.

9. Computer/Displey Elapsed Timg - The Computer/Display elapsed time
will be sccumulated by a counter driven directly froa the input power line to
the unit. Whenever power comes on, time wili be accrued.

2.2.2.2 uter/Displa ules

The Computer/Nisplay is physically compused of four modules and the chassis.
Figure 7 shows the electrical and physical layout of these modules. The four
modules are identified ss the Servo Module, lpbeled § in the diagrams, the
Self-Test Module, isbeled T, the Network Modulé, W, and the Spool Speed Module,
WN. The chassis mounced parts are identified as C. The tlock diagram in
Figure 7 indicates the electrical layout of the unit and the extent of each
of the modules and the wiring mounted to the chessis. The exploded view shows
the physical arrangement of the modules. The front and basck panels and the
supporting base compose the Computer/Display chassis and are Inseparabie in

field maintenance. The four modules are easily removed for checkcut and for
replacement.

2.2.2.3 Qggggter[blsrll! Self-Test

Scif-test for the Computer/Display is actuated by the switch in the upper
left corner of the Computer/Display face, shown In Figure 7 . The first
position of the switch, marked NO TRIP, simulates a normal engine operating
conditlon In the Computer/Display; none of the flags should drop during this
phase of self-test. Position two of the self-test. Posltion two of the
self-test switch, marked TRIP, simulates an abnormal operating conditicon in
the Computer/Display, during which all the flags must drop.

A schematic wiring diegram of the self-test circultry is shown In
Figure 8. When the self-test swiich Is turned tc position one, NO TRIP, a
set of input signals corresponding to & typical engine operating condition is
applied to the Computer/Display by rasistive dividing networks and s synchro
(for fuel flow). As mentioned above, none of the Computer/Display flags
should drop. Position two of the self-test switch, TRIP, appiles a set
of signais corresponding %o an abnormal operating condition. This Is sim=
ulsated by an Improper spool speed signal {or the other operating conditions.
This ahnormel condition will trip both the high consumption flag and the high
sngine temperature ratio fiags. The remainder of the flags, which ars switch
oparated, are tripped by the position "2" self-test clrcultry. All the flags
should, therefore, trip when the seif-test switch is In position "2."
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2.2.2.4 Computer/Display Celibration Adjustments

The controls for the callbration adjustments which adapt the Computer/
Display for engine~to-engine vsriations and for transducer variations are
shown in Figure 9.

2.2.3 Signa}l Data Translator

The §ignal Data Transiator is a second major component of the Engine
Analyzer System. This unit Is shown In Figure 10. A front view photograph
of the Signal Data Translator is shown In Flgure (Oa.

The purpose of the Signal Data Translator ls to present to the Recorder
a number of digital and snalog signals. The diglital signals from the thumb-
wheels can be seen In Flgure 0. Thls documentary data !s composed of the alr-
craft and engine serisl numbers, fllight number, and date; the twenty thumb~-
wheels can be seen In the figure. The switch Inputs, e.g., afterburner on and
water Injectlon on, are also essentlally digital, since the function conditions

are represented by a voltage or lack of voltage. The analog signals are those
from the angine trensducers.

Table VI lists the Inputs to the Signal Dats Translator, and their samp-
1ing frequency, whlle Table VII lists the source of each. The asalog signals
from various transducers are conditionsd to a zero to five volt dc ztanderd~
voitage analog format, and then converted to binary coded decimel digltal
format. The numbers derived from the BCDP conversion then time-share an output
clrcult with the outputs from the thumbwhesis and on-off air frame switches.
Each resultant number has (2 bits. The numbers are presented to the recorder
as thres serlal digits In BCD NRZ format. A parity bit Is computad by the
Signal Data Translator and presented with each BCD digit.

A complete record of all Inputs occurs In the first 20 seconds of each
minute. Every 60 sec is a frame and every i/48 of a second Is a chanpel.

A~
WAl
°

leté breakdown of tihe frame, chennel, and record Is shown In
Figure 11|

A complete record occurs In the first 20 seconds becauss the hundreds
diglt of channel Gl recelves 20 different Inputs from the 20 SDT thumbwhesl
switches. One of the 20 SDT thumbwhesl switch Inputs |s sequenced Into channel
Ol during each record. Ali of the other 47 data channels are completely sampied
over durlng each second. The othsr alrcraft switch functions are recorded on
the tens and unlts digit of each 0i channel.
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Figure 10. Signel Data Translator
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TABLE VI

PARAMETER FREQUENCY OF SIGNAL DATA TRANSLATOR OUTPUT

F- 1050 ENGINE ANALYZER SYSTEM

ubnce Per Sec

Every 2 Sec

First 20 Sec of Each Min

e
EPR

PLA

EGT

Poil b
IGN

AB
Wi

Anti-~ice

Poil

20 digits of documentary
data, one digit each
second
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TIME SEQUENCE OF SIGNAL DATA TRANSLATOR OUTPUT

F 105D (J75 ENGINE)

THIS TABLE SHOWS WHAT SIGNAIS ARE TO BE RECORDED IN FACH 1/4RTH SECOND TIME SLOTY
DURING AN ENTIRE MINUTE. THE SIGNAL PATTERN IS IDENTICAL IN EACH SUCCESSIVE MINUTE,

NEXT
TINE IN SCCONDS PN
R “‘1 - WM BB SWETde G0 OF ImG L AmP o8 ‘n ;
T I 081 Sl TOHE 5 (A(N X0i WO, \
(R ¥ ¥} 1T iy T Y U W |
FOUER LEVER ANGLE v !
SPOOL SPEED (K1) T s
ALFERENCE. 0,25 v AC, I% OF FULL SCALE]- T T .
MEFERENCE 472 MY AC, 94.4% OF FULL STALE .
REFERENCE 30 WV AC, 1% OF FULL SCALE .
REFEREHCE  4.750 V OC, ar FyLL SCAL | ’
~{LNOT USED) I 1 .
SPOOL SPEED (N2) '
REFERENCE  12.5 Vv AC, 0% OF FULL SCALE "
REFERENCE: S MV AC, 1 OF FULL SLALE) j "
MEFERENCE 5 v Ac, 100% of Fult scaff LT ] 1 ”
REFERENCE 50 My DC, 1% OF FULL SCALE "
OIL TEWPERATURE "
aIL TEMPERATUS
¥ Towor useny | "
ENGINE PRESSURE MATIO [SIN) : "
OMPRESSOR 015CHARGE PRESSURE P
a INCET TOTAL TEMPERATURE S B
g 1 17 3 1Y FUEL FLOVE S I
. py P ~
o ) : : L F] roven ceven anaie] | w An
> 8
o COMPAESSOR DISCHARGE TEMPERATURE = K
e ENGINE PRESSUNE MATIO (CO0S) < 3u
+— -~
i ; OIL BAEATHER PAESSURE | ] aqn
LR | AEFERENCE & v AC, 1001 OF FULL SCALF 2 o ¥
[&]
1 | (vt useo) | [ [ oy I
o
5 i TRAMSIENT LOCKOUT SIGNAU b B
o WLET TOTAL PRESSURE o ¥n
2 (NOT USED) | AR
% OIL BREATHER PRESSUR 4.
2 EXHAUST GAS TEMPERATURE R
P A o
3 ] (wot useo) Lo
Lspane | JIT. "
SP0OL SFEED (N2) "
Jiwot useoy | »
OMPRESSOR DISCHARGE PAESSURE - i »
REFERENCE 5 Y AC, 100% OF FULL SCALE R3S "
| {ruer Fuowf | v
DL TenreRATIAE n
COMPRESSOR DISCHARGE TEMPERATURE | | "
[T TR &) N 2
. : e et el tel la ~°
DIL PRESSURE "
IWAUST GAS TEMPERATURE “
REFERENCE . 4.250 v DC, 858 OF FULL SCALE
% 1 rwot useov | |
INLET TOTAL PRESSURE |
O1L PRESSURE (COS BRI
el to Iy 1ol 1ol 1ol lo 1_. {apaa s ‘ol In Y Y of lo]
Lplpaeedt]
1 REFERENCE | 0.5 V AC, 50T OF FULL SCALE
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(LOMGITUDIMNAL PARITY) ONE CHARACTER TIME ONLY & ALTERNATE SECONDS ONLY
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2.2.3.1 Slgnal Data Yransiator Theory of Operation

A schematic dlagram of the Signal Deta Tranglator is shown In Flgure 12,
As this drawlng |ilustrates, the Signal Data Trsnsliavor is functionally
dlvided Into the foilowing areas: ’i) callbration, slgnal precondltlioning
and a-c signal conditioning; (2) submultiplexers and muitipluxer; (3) thumb-
whee! switches; (4) analog-to-digital converter; (5) signal gate; (6) parlty
generators; and (7) programmer and sequence generator.

The system uses several different types of transducers and sensors, €.g.,
synchros, varlable reluctance devices, resistance elements, and potentlometers,
to measure the varlous englne performence peremeters. The signal data trans-
lator furnishes the requlired excitatlon to these transducers. The signal con-
ditioning transforms the signals from these various transducers to d-c voitagss
In a 0 to +5v range. These signals are sequenced by tha multliplexsrs, and con-
verted to digital format,

The thumbwheels, which have diglital outputs, are alsc presentad sequantlally.
The signal gate time-shares the cutput with the converted ansgiog signals, the
thumbwhee! slgnals, &nd the Inputs from the englne and alrframe switchos (l.e.,
Ignition, antl-lce, afterburner, and water Injection). The parity and MRZ
generator determines the parity of the cutput and presents the cutput and lts
parity bit In NRZ formet to the recorder,

a, Callbration and Signel Preconditloners - Both a-c and d-~c anaiog
transducer signals and callbratlion vcltages arc supplied by the transducers,

All signals must be converted to standard 0-5 v dc for subsequent cocnversion
to diglital format. The d-c signais and callbration voltages &re precondlitioned
to 06-5 v dc by simple resistive dividers.

The a~c signals are grouped intc three sets, Each sot is precondlitioned
to the same a-c voltege range. Each signal of a glven set Is converted to
0-5 v dc by an a-c conditlonsr. The a-c signal preconditionsr makes uss of
transformers to change voltage levels.

The precondltloning clrcults aisc provide standard caellbratlion slignais
which perform two functlions: first, they verify the accuracy (scale factor
or galn, and null) of the ADC and of each &-c to d-c signal condltlioner;
second, In the case of the a-c conditioners, they enable ground-based data
reductlon to correct for transducer scale factor errors caused by variations
in the |15-v, 400-cps llne supply.

Several different types of transducers snd sensors supply data to the
Signai Deta Translavopr. Some of these must be excited by the SOT Irn order to
provide semistandsirdized signals which can be handied by the time-shared
slgnel conditloners. The following parsgraphs describe thls axcltatlon and
the preconditioning required to provide signals which mey bs alther directly
connected to the enalog-to-digital corvertér or connscted to one of the tnree
a~c to 4-c slignal conidltloners,
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Synchrog - The synchro signal Inputs are three wire delta signals,
the three voltages being spaced 120 deg spsrt {:pace phsse). The three-wire,
120-deg signal is converted to a four-wire, $0-deg, resolver-type signel and
recorded as two perpendlicular components of the synchro angle vector. The ]
conversion s accomplished with two Scott T-connected precislion transformers ;
which yield the sine and cosine of the Input angle. 5

b

In addition to the transformer T, a bucking voltage transformer s used
for synchro signal preconditianing. Since the a-c to d-c signal conditioners
require 3 single-phase voltage input, the converted synchro voltages are offset
by 12.5 v, converting the nominal voltage range, 1!.8 v in-phase to (1.6 out~-
of-phase, to a new range of 0.7 to 24.3 v In-phase. By recording a wider
range, 0 to 25 v, as O to 1000 counts, assurance is pravided that Individus!
transformation ratlo variations from one synchro to the next will not result
in off-scale voltage signals. The offset voltage i3 also recorded to provide
an exact null point definition and allow preclse caiculation of synchro angles,
independent of expected variations in excitation voltage or synchre trans-
formation ratic

Variable Reluctange, [0.45 to 15.55 v - This signal results from the :
i

unbalance of a 26-v bridge circuit in the transducer which is balanced at mid-
scale. Since the signal conditioning circults are designed to operate on a
zero to maximum voltage signal, a blas voltage is subtracted from the inceming
signal. The blas voltage shifts the range of the input to 0 to 5.1 v. An ;
additional precislion stepdown transformer provides zignal Isolation and changes i
the voltage range to 0 to SO0 mv, in order to be sbie to use the sawe signal 3
conditioner as the other variable reluctance transducers.

Varigble Reluctance, O to 509 mv - This signal is obtained from

severa! AiResearch-supplied transducers. These are bridye unbalance devices,
as is the type described above; however, they are electrically connected :
internally to provide an output which varies from O to 500 mv for the full
range of input values. The transducer scale factor Is defined as 50 mv/v !
for full scale; the signa) data translator provides an excltarion vo!tage
of {0 v which gives the 500 mv fuii~scaie range.

Resistaence Probe Temperature Senscrs -~ Two types of resistance probes

are used for temperature sensing; one has & nominal resistance, of SO chms, the
other, nominally 90 ohms at G°C. A d=c current of approximately 10 ma, in the
case of the 50-ohm probes, or 5 ma in the casa of the %C-~ohm probes, provides
an output within the five volts dc Input renge st the maximum temperature of
the required ranges. Series precision reslstors from the 28-v d-c supply to
the probes, selected tc deliver the desired currents into the known maximum
probe resistances, provide simple and effective means of converting the probes!
temperature-resistance functions into usable voltage signals. Bue to the finite
§ source impedance feszding each probe, the current through the probs will be

t partly a function of probe resistance, 1.e., thes voltage across the probe will
$ not be strictly proportional to probe resistence, The relationship is, however,
defined so that the ground computer can be supplied with the exact temperatura~-
voltags function for esch probe network.
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To make these temperature probe megsurementi [ndependent of varlations In

the 28-v dc supply voltage, & reference slgnal glven by & fixed precision
divider from the 28-v d-¢ supply Is also recorded.

400-cpy Signals from Computer/Pispiay - Two quantitles, EGT and T, ,

are supplied from the Computer/Display In the form of 400-cps signal outputs
from buffer amplifiers through transformers. These 3lignals are handled in much
the same way as the S00-mv trenzducer signsls. The primacry difference is that
these signal clrcults' excitation voltages, which determine the signal scale
factors, are supplied by the Compurer/Display unit, rather than by the Signal
Data Translator. To sveid possible scaie facter errors, ar excitation reference
signal is recorded with each Information signal. The exact excitation used in
the Computer/Display Is, therefore, known; moreover, the signal can be corrected
for variations in this excitation during ground computer date reduction.

Potentiometers ~ All potentiometers, whether located in the Computer/
Display or externally mounted in tihe slrcreaft, are handied electrically in the
same way. Excitation for the potentiometers i¢ provided from the same supply
as the ADC reference voltage. The resistance ratio output of the potentiometer

is thus converted to a voltage input to the ADC with the same scaling as the
ADC reference.

Jachometer Signg! - Since the low-pressure spool speed is not used
in the Computer/Display, this signal must be conditioned in the Signal Dats
Translator. However, It is a signai of precisely the same form as the
tachom2ter input to the Somputer/Display; the same frequency to d-c voltage

conditioner is used in the Signa! Date Translator as in the Computer/Display,
providing a d-c voltage to the ADC.

Cglibrgtion References -~ In addition to the true Information channels,
nine words in each {-3ec subframe are used to record calibration signals, as

a continuing check on the accuracy of the SDT. Two kinds of such signsls are
used, d-c and a-c.

Two d-¢ signals are obtained directly from resistive division of the basic
ABC 5-v reference supply. One /. » signal voltage of | percent of the
reference, in order to check i« - .ible ADC null drift; the other is a 95-percent
signal, checking ABC scale %act::  Between these two signals, the accuracy
of the ADC is verified. A third c¢-c signal of 85 percent of full scale Is
derived from the 28-v supply, since this supply Is used to deliver :xclitation
current to the temperature probes, and the probe excitat!on current is pro-
portional to this voltage. This calibration signal Is to be used as a scale
factor correction on all temperature probe voltages.

Two a-c voltage levels also are provided at the Input to egch a-¢ to d-¢
signal conditioner during each I-sec subframe. These are 94.4 percent and
I percent of ful! scale. The I|-percent signal verifies the null accuracy of
the signal conditloner; the 9 .4-percent signal verifies gain, or scale factor.
Also, since the a-c signals are cbtained from voltage rotio devices which are
excited from the alrcraft line voltage, and siince this line voltage will fluyc-
tuate with time, this calibration check is required to correct for line voltage
variations as well as possible sigral conditioner gain errors.
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b. Signp) Conditioners = The input signals and preconditioning circults
simplify the slgnsl conditioning probiem. The submultiplexer ¢ utputs are all
in the form of elther a d-c rignal, which cen be directly connected to the ADC,
or an a-c voltage signal with a range from zero to some maximum voltage, with
the same maximum voltage for every signal which connects through a given sub-
multiplexer. Each signal conditioner ig, therefore, only required to convert
8 range of a-c voltage to a standerd range, @ to 5 v, of dc. This Is accom-
plished by operating on the signal successively with a stable fixed-gain a-~c
amplifier, a precision demodulator, and a smoothing fllter.

Amplifiers - The basic amplifie clrcuit is a three-stage, direct-
coupled amplifier, utilizing heavy overal: feedback both for s-c gain
stability and d-¢ biss stabilization. The gein stability is approximately 0.2

i percent over a wide range of temperatures up to the maximum temperature re-
quired.

Demodulators - The demodulator circuit switches on and off synchro-

nously with the 400 cps line power. The circult has very littie low tempersture
drift and contributes an error of 0.05 percent.

fliter - The four-element Bessei fi!ter designad for these signal
conditioners has a total ripple and settling time error below 0.1 percent.

The filter has four reactive elements and a nominal corner frequency of
approximately 40 cps.

c. Multiplexers - Al! of the anslog transducer signals are scanned by
six submultiplexers in a fixed time sequence. Signels with the same
characteristics are scanned by the same submultiplexer.

The outputs from the signal conditioners, as well as the signals that
were already in the 0 to 5 v dc¢ format, go to the miltiplexer. The multiplexer
samples each o7 the six submultiplexer output signals In turn In » fixed time
sequence. The muliiplened signai then goes to the analog-to-digital converter.
L
The switching elements of the multiplexers are reed relays which are con-

trolied by the SOT programmar. The relays are described in the following
paragraphs,

Relay Oriver - To isolate the logic and counting circults in the
, programmer from the voltage pulses associsted with switching the relays, which
! are inductive loads, separate transistors are used as relay drivers. This
. me thod ensures that the inductlve voltage spikes likely to result from switch-
ing ihe relay coiis wiil not cause spurious counts or erratic switching; also,
it allows the logic circuits to run at relatively low power levels.
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The relay driver clrcuit accepts a logical zero (ground) input from the
prograrming loglc and provides a ground signal to one end of the relay coll
load: the other end of the relay coll is permanently connected to the positive
voltage supply. Two trantistors are used to provide the required current
multiplication. Both are operated as grounded emitter inverter stages. The
first is normally biased off and is switched on by the NAND gate ground signal
to command the relay to turn on. The second transistor then turns on, allow-
ing current to flow through the relay coli. Although the NAND gate itself (s
designed to drive only a 1.5-ma load, the current multiplication in the 2-
transistor driver circult readily provides the approximately 60 ma requlired
by the 2-pole relays in the submultiplexers.

Zener diode protcction Is used te limit the voltage spike produced when
the ¢coil is switched oftf and to protect the coil driver transistor from over-
vaollage. This method is preferred to a simp'e shunt dlode because of the
faster relay dropout time it provides.

Switching Element - A rexd reiay consists of one or more reed
swilch elements and a d-c actuating cofi. The relay contacts are hermetically
sealed in a glass capsule containing an inert gas. The switch elements, or
reeds, are made of a nickel-jron alloy. The contact surfaces are gold-plated
for this application to provide reliable 1ife and performance for switching
the low-level signri1s of the engine analyzer transducer. The coil is provided
with a magnetic shield which improves the magnetic circuit and Isolates adjacent
swilch assemblies from stray magnetic field interactions that might otherwise
affect pull-in or drop-out characterlstics.

d. Thumbwhee! Switches - The thumbwheel switches are rotating devices
which display each digit on a counter drum dlal. The drum for each digit may
be rolated individually to the desired number. A connector at the back of
each counter wheel provides five wires which give an electrical BCD representa-
tion of the digit which is set to show on the face of the switch. The wires
are for the 8, 4, 2, and | binary bits, representing the digit displayed, and
an excitation or common lead. Wiper contacts, mounted on the display drum,
travel over a printed circuit card with the rotation of the drum, and succes-
sively connect the common lead tc the various output bit leads required to
defirie each decimal digit in turn. The logic language is a closed clrcult for
a one bit and on open for a zero bit. As described in the programming and
sequencing discussion, the common leads of the 20 thumbshee! switches are
successively energized to provide commutation between the switches in the
recording sequence.

e. Analog-to-Digital Converier ~ The analog-to-digital converter changes
each of the 0-5 v dc signals in the sequence from the muitiplexer into numbers
of threa four-bit digits (binary-coded decimal), which is the format required
by the system recorder.

The analog-to-digitel converter is of the vcltage ramp type. These
devices digitize input volilages by generating a time period as a2 function of
the input voltage and gating @ counter during this time period.
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The components of the system are: (Figure i3)

1. A voltage ramp generator to provide a signal with constant rate of
change of voltage.

2. A switching network and steering logic to condition the ramp generator
signai and Input voltage for the zero crossing detector

3. A zero crossing detector to provide an indication of the zero voltage
and the input Zmeasured) voltage ramp crossover points

4. A reference power supply for excitation of the input devices and to pro-
vide a reference voltage for the ramp generator

S. A gatable BCD Counter for conversion of the time period to a BCD output

At the receipt of a signal at the reset input, the ramp qenerator, switching
networks, and counter are all set to their Initial state. Arter the removal of this
signal, a negative-going voltage ramp is initiated by the ramp generator. The
switching logic adds the input from the ramp generator to a small bias voltage to
generate a volcage which starts slightly positive and progresses toward zero. This
voitage is then applled to the zero-crossing detector. As this voltage crosses
2zero, the detector provides an output to the steering logic, changing the state of
its memory element, and starts the counter. The switching network then adds the
previous |y generated ramp voltage, which Is now zero and progressing in a negative
direction, to the input signal and resets the zero-crossing detector The input to
the detector will now be positive by an amount proportional to the input signal.

As the voltage ramp progresses in a negative direction, the detector input will
again cross zero, providing an output which is used to stop the counter. Thes time
the counter was operating is, therefore, directly proportional to the input voltage,
and the accumulated count is a digital representation of the input.

f. Signai Gate - The inputs to the signal gate come from the alrcraft switches
and the thumbwheel switches, and from the output of the analog-to-digital converter.
According to timing signals received from the programmer, the signal gate selects
the output word from either the ADC or the switches, and either the hundreds, tens,
or units digit of the chosen word, and presents this digit to the NRZ(M) converter.

Parity Generator and NRZ(M) Converter - The parity generater and NRZ(M)
“nor return to zero" converter receive their inputs from the signal gate. The
signal gate output is the four bits associated with one decimal digit.

The parity generator uses the signal cate outputs to compute even parity. If
either one or three of the four inputs to the parity generator is ONE the output
of the parity generator will be a ONE. If either none or two of the four inputs
to the parity generator Is ONE, the output of the parity generator will be ZERO.

The NRZ(M) converter has a five bit register. The five inputs to this
register are the four bits selected by the signal gste output and the output of the
parity generator. If the input bit going to a specific flip-flop in the register
is a ONE, the flip-flop will change state. If the input but going to a specific
flip-flop in che register is a ZERO, the flip-flop will remain in its original
state, resulting in the MRZ(M) format required by the recorder.
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g- Programmer - The programmer in the Signsl Data Translator contrnls
all the required time sequencing. It controls the opening and closing of the
multiplexer and submultiplexer switches, &s well ax pulsing the analog-to-
digital converter, and the signal gate.

System Timing - The programmer generates its timing pulses from
the 720-cps clock frequency output of the Recorder; the data sequence presented
to the Recorder Is spaced directly proportional to the speed of the tape,
resulting in a constant data density on the tape.

The basic recorded frame on the magnetic tape is 60 seconds. There are 57
seconds of continuous BCD recording, followed by 3 seconds of blanking. All
incoming data are muitiplexed so that each is recorded once per cecond wlith the
exceptions noted In Table VI: cil pressure, Pgi1, Is only recorded once every
2 saconds, and the thumbwheel data are recorded one digit each second for the
flrst 20 second of each frame.

Ouring each |-second subframe, 48 unique inputs are sclected by the mul-
tiplexer and submultiplexer and presented to the ADC, A signal time perlod in
the subframe Is (/48th second or approximately 21 millisecond. A time period
Is symbolized in the following discussion with a colon; for example, :17 refers
to the period from 16/48 to 17/48 second after the start of a |-second subframe.

Some of the programmer timing signals are used to close one of six multi-
plexer switches and simultaneousiy closes one of the eight six-pole switches on
each of the submultiplexers. The switching sequence makes it possible to select
48 unique data channels in sequence. This is done in 48 time periods (Table VIII).

During time period :01 only, data for recording comes from the thumbwheel
and alrcraft swlitch Inputs. Durlng this time, the slgnal gate selects digital
data from the switches. During time periods :02 through :48, the signal gate
passes the data channeled through the submultiplexer and multiplexer and
digitized by the analog-to-digital converter.

The following sequence of events occur during each time period from :02
through :48.

Start 0 I's BCD triggered from ADC register
10 s Signal to switch muitiplexer selection to next channel
1.5 ms Multiplexer switching completed, including contact

bounce and transients
2.5 *.5 ms ARC conversion starts
6.1 ms ADC conversion cycle complete’

6.94 ms 100's BCD triggered from ADC register
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15.88 ms 10's Blinasy-Coded Dacimal triggered from ADC register
End 20,82 ms i's Blnary-Coded Decimal triggered from ADC reglster

Every 1/144 second, a four=bit dlgit enters the parity generator and
NRZ(M) conversion unit. Ths four date bits enter the output reglsters and
simultaneously set a parity reglster. Two microseconds after the incoming
data arrives, an output cormand-pulse transfers the new bits to the recorder
amplifiers. The data presented in Figure || show the time ssquence of the
Signal Data Translator output.

2.2.3.2 Signel Data Translator Hodules

The Signal Data Traslator Is assembled in six functlional modules: (1)
the programmer, (2) the analog-to-digital converter, (3) the relay module,
(4) the signal conditloner module, (5) the frequency-to-dc converter, and
(6) the power supply. An exploded view of the Slgnal Data Translator showing
these modules Is presented as Figure |4, These modules are designed for easy
removal.

2.2.3.3 Signal Data Transiator Self-Test

The clircultry for the Signal Dsta Transiator self-test Is housed In a box
separate from the SDT chassls. The self-test unlt Is connected to the Signal
Dats Translator through the connsctor cn the §DT front panel, shown in Figure [4.

The Signal Data Translator self-test chacks the slgnal condltloner,
multiplexers, and the analog-to-digital converter.

To self-test the Signal Data Transiator, the following operatlions must
be performed.

a. Set the switch on the self-test unlt to Position |,

b. Depress the salf-test unlt hbuiton. The iamp on the self-test
|

unlt should light within

c¢. Repeat for switch Positions 2, 3, and 4. In each position, the
Tamp should llght within | minute after the pushbutton Is depressed.

If the lamp does not light under each of these conditions, the Slignal
Data Trenslator is malfunctioning.
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A schematic wiring diagram of the SDT self-test circuitry is shown in
Figure 15, The circuit performs in the following manner: severs! reference
voltages are gpplied to the Signal Date Transiator. Since the amplitudes of
these .nltages are known, the outputs of the gnalog-to-digital converter car
be computaed. For esch of the reference voltages used for self-test, the most
rignificant decimal digit of the analog-to-digital converter output is examined.
This Ts done as the self-test channel is being scanned. The three a-c signal

test channels. The signals that operate four of the multiplexer relays are
used to determine when each of the four self-test signals have been selected.
Tne 2's bit and |'s bit of *he ADC output are the same for all four tests.
Therefore, the two bits associated with the most significant decimal digit of
the analog-to-digital converter output, the 8's bit and the 4"s bit, are con-
nected to the output line either directly o1 through an inverter. The
¢'reuitry is such that the output iine will always be high whenever the
analog-to-diglival converter is correct. If the pushbutton switch is depressed
when the output line is high, the SCR will be turned on, thus lighting the
lamp.

2.2.4 Recorder

The third major conponent of the Engine Analyzer System is the Recorder.
The Recorder, shown in Flgure 16, produces & magnetic tape record in
standard IBM format of the measured engine operation parameters, and the
variation of each during the mission. These parameters are received by the
recorder from the Signal Data Translator as digital NRZ(M) signals. The
recorder uses & reel which has standsrd 18M type hubs and can record for
30 hr on one reel of tape. At the end of the 30-hr period, as indicated by
the hours-remaining dial on the recorder face, or whenever the operation
history of the engine is required, the tape is removed and processed by a
computer facility utilizing the Engine Analyzer Data Processing Program; this
resuits in a printout of the operating parameters, trends, etc., for each of
the flights on the tape. Table IX lists some of the important features of
the recorder and its macletic tapc output.

TABLE IX

SIGNIFICANT RECORDER AND OUTPUT
TAPE FEATURES

conditioners and one of the d-c channels are checked. i
A three-pole, four-positlon switch Is used to select one of the four self- I

Tape speed 0.259 in./sec
Time per decimal diait word 1/1446 sec
Parallel bits per word and parity 5

Words per channe! 3

3-word channels per second 48

Words per inch 556
Continuous recording 57 sec
Blanking~gap 3 sec
Length of gep 0.819 in.
Tape width 0.500 in.
Tape length 2400 ft
Total recording period 77+ hr
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Figure i6. €Engine Analyzer System Data Recorder,
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The Recorder consists of two separable units: the tape magazine, which
contains the tape feed and take-up reels and recording hrads, and the recorder
base, which containg the electronices and the =mstor and tipe drive mechanism.
The recorder base is securaly rack-mounted to the aircraft In the air turbine
votor (ATM) compartment behlnd Accass Door FF7é6. The tape magazine is remova-
ble from the front of the Recorder. Both units ara separately housad in dust-
proof and humidity-resistant enciosures, The tape magazine, which also serves
as a transit container for the tape, has a magnetic shielding liner which pro-
vides protection agalnst spurious external magnetic flelds up to a magnlituda of
50 gausses.

2.2.4.1 Recorder Theory of Operation

A functicnal diagram of the recorder is presented as Flgure 17, showing
both the electronic and mechanical portions of the recorder.

The record amplifiers are direct-coupled, solid-state stages, providing
constant current to drive the magnetic heads. The timing reference is a 1440-
cps tuning fork oscillator which controls the tape drive motor and also pro-
vides a 720-cps clock output to control the timing of the SDT. Power supplied
to the recorder is both 28 v dc and |15 v, 400 cycle (single phase) ac. The
d-c power is used for the motor drive circuits and the electronic functions;
the a-¢ power drives the elapsed time indicator. The d-c power input is pro-
tected by transient suppressors which provide smoothing of aircraft-generated
transients.

The tape transport mechanism is a capstan-driven, reel-to-reel device.
The tape reels are mounted on the same axis for compactness, with the supply
(unrecorded tape) reel mounted on the bottom and the take-up (recorded tape)
ree] mounted on the top. Take-up is accomplished on the take-up reel by a
capstan-driven mylar belt driving the reel through a pulley-clutch combination.
A clutch on the take-up reel compensates for the changing speed required as
the reel fills with tape. On the supply reel, hold-back or drag is maintained
by a static slip clutch. This drag prevents spillage from the supply reel as
well as assuring taut quiding from reel to capstan. The capstan shaft is
driven through a multi-jaw coupling between the magazine and the base. Drive
power is provided by a 60-cps synchronous motor through a right-angle gear
reduction designed to furnish the required tape speed of 0.259 in./sec.

2.2.4.2 Recorder Modules
The Recorder is designed using modular concepts for ease of maintenance.

2.2.4.3 Recorder Self-Test

The self-test function of the Recorder is actuated by the self-test pusn-
button on the front of the recorder, shown in Flgure 16. Inltlatlon of
self-test by pressing this button results in two operations: one is the
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IHuminetlion of the Interior of the tepe msgazine which allows the motlion of
the tape pressure roller to bs observed. The recorder drive motor Is a hyster-
esls synchronous device. Thls opsration, then, serves as a test of the

tape transport mechanism, The second opsration Initlated by actuation of self-
test Is a check of the recording smpliflers and heads. The self-test clrcult
semples the hesd drive current In each channel. If saturstion current Is
present at @ach of the record heads during the 3-sec blanking gap perlod of

the SDT, an AND gate provides an output which causes the seif-test lamp on

the front of the recorder to light steedily for a 3-sec perlod out of each
minute, Indlcating the proper functloning of record clrcultry.

2.3 Description of F-4C System

The F-4C Engline Analyzer System comprises two Computer/Displays, one
Slgnal Data Trenslator, one Recorder, two sets of transducers, and Intercon-~
necting cables, pneumatic lines, and connectors. A complete list of the
transducers Is glven In Table X; the table also presents sallent character-
Istics of the system, Inciuding the part numbers, form-factor and welght of

each of the major system components. The gower requirements of the major system
components are ldentical to those for the F~105D system (see Table 1:3. Appendlix

1I presents complete electrical circuitry schematic for the system components.
2.3.1 JYrensducers

The system Includes a set of transducers whlch measure the temperatures,
pressures, ON-OFF switch conditlons, fuel flow, and speed (rpm), which will
Iindlcate changes of the engine operating condltlons, The transducers are of
the following types:

. Varlable reluctance transducers

2. Positlon varlable resistance transducers

3. Temperature varlable resistance transducers

4. Ffressureé switches

5. Temperature swltches

6. Indlcators (EGT)

7. TYach-generators

8. Synchro output transducers (EPR, fuel flow)

9. FRelay contacts end iimit switches

A llst of the transducers used In the F-4C Englne Analyzer System Is
included in Table X. This table Includes the welght and dimenslons of major
system components, In additlon to the spplicable AlResearch part number snd Alr
Force Equipment Refarence Number (AERNO). Succeeding paragraphs briefly
describe the functlon of each transducer.




TABLE X

F-4C ENGIME ANALYZEK SYSTEN DATA

Part Slze (Inches) Welght
System Components Number helght x width x depth| (Pounds)
Computer/Dlsplay 538254-2~1 7 by 6.5 by 9.88 18.%
Signal Dats Translator 538250~ ~| 5.5 by 5.25 by 12.5 17.7
Recurder 538956 S by |1 by 11 22.78%
TRANSDUCERS
Afterburner Switch®
Antl-Ice Switch®
Boundary Layer Controi®
Switch
Compressor Dlscharge 538947-1
Pressure
Compressor DIscharge 538952
Temperature
Compressor Inlet Pressure 538362-]-1
Engline Pressure Rstlo 61~2484%%
Exhaust Gas Temperature S3A3R2
Indicator
Exhaust Nozzle Area (Pot) 538440-] -1
Fuel Flow Transducer®
Ignitlon Switch®
Inlet Guide Vane (Pot) 538442~ ~!
0il Pressure Switch 538657

#F-4C engline analyzer system uses existing alrcraft transducer
##Air Force Equlpment Reference Numbers (AERNO)

Alncludes tape and reels
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YABLE X (continued)

Part Slze (Inches) Welght
System Components Numbar height x width x depth | (Pounds)

011 Pressure Transducer®

011 Sump Pressure 536947~3

Cl1 Temperaturs Switch 538948

011 Temparsture Transducer 802i87-1

Power Lsver Angle 538444~]~i

Spoo! Speed (N)%

Inlet Total Tempsrature 601025

*Engine analyzer system uses existin, alrcraft transducer
#*Alr Force Equipment Reference Numbe rs (AERNO)
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2.3.1.1 Afterburner (A/B) Swltch

Thé afterburner |id-v s~c signal to Computer/Displays one and two and the
Signal Data Translator Indicates that the A/B switch, actuated by a rise In
fuel pressure, has been actlvated. AlResearch detectlon system ls iscolated
from the alrcraft afterburner system by an Isclatlon rejay.

2.3.1.2 Antl-Ice (A/X) Switch

The anti-lce 1I5-v a~c signal indicates that the A/l switch In the forwerd
cockplt has been activeted. The wiring dlagrsm of the A/l system Is found In
Alr Force Technical Manual T.0. IF-4C-2-23, pago 3-41, Figure 3-|7.

2.3.1.3 Boundary Layer Control (BLC) Switch

The boundary layer control switch provides a ground signal to the Englne
Analyzer System that Indicates that the two flap condlitlions, during which com-
pressor bleed alr Is used for boundary layer control, are In effect. The two
conditions are full~down and mld~way.

2.3.1.4 Compressor Dlscharge Pressure (Pcd) Transducer

This transducar moasures absolute prassure at the discharge of the com-
pressor. The transducer is a varlable reluctance type with a range from O to
300 psia. The trensducer output voltage varles from O to 500 mv at 400 cps
for an input pressure change from 0 to 300 psla with & load of 20,000 ohms
across the output. The output signal Is supplied to tha Sigral Data
Translator,

2.3.1.5 Compressor Dlscharqe Temperatyre (Pcd) Transducer

The compressor dlscharge temperature transducer Is a varlable reslstance
element made of platinum wire, and has a tomperature range of -100°C to +500°C
with a nominal reslstance of 50 ohms at 0°C. The probe tip has an applied
operating pressure of O to 500 psla. The output Is supplled to the SOT.

2.3.1.6 Compressor Iniet Pressure (Ptg) Transducer

The compressor Inlet pressure transducer utllizes a sarvoed force-balance
sensor and provides outputs proportional to the natural logarithm of absolute
pressure, switching actlon occurring at certaln time-rates-of-change of the
logarithm of absolute pressure, and a voitage proportional ¢o absolute
pressure.

2.3.1,7 Englne Pressure Ratio ‘EPRZ Transducer

The EPR transducer Is a pressure ratlo synchro-style thrust transmitcer
{type MX-2), The ouiput is suppiied to the $DT Scott "T™ transformer.

2.3.,1.8 Exhaust Ges Temperature (EGT) Transducer

The exhaust gas temperature system consists of existing Chromel-Alumel
thermocouple probes In the englne that actuate a single-point null-balancling
type indlcator In the cockplt. The Indicator In turn prov!des four output
slgnals to the engine analyzer. The four outputs are two pots and two
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switches; switch "A" closes at 982°C for hot start and switch "B" closes at
749%¢ for In-flight overtemperature;pot "I" Is & log functlon of EGYT and pot
"2" is exponentlal functlon of EGT.

2.3.1.9 Exhaust Nozzle Area (ENA) Transducer

The exhaust nuzzle area “ransducer conslsts of three ganged non!inear
pots, two 5000-ohm pots and one=|000-chm pot, the positions of which are pro-
portional to ENA. The pots are machanlcally connected to the ENA Teleflex
nozzle feedback llnkage. Voltage ratios proportional to ENA are trensmitted
to the Computer/Display and to the Slignal Data Translator.

2.3.1.10 fuse!l Flow {W¢) Transdcer

The fuel flow transducer is a remote Indicating synchro-style rate of
flow transmitter (Type T-6A). The synchro outputs feed the followlng:

a. An iIndlcator with a range of 0 to 12,000 ppi (Type A-19) In the
cockplt

b. A control transformer In the Computer/Dlsplay fuel flow servo

2.3.1.11 lanition Switch

The lgnlition switch slignal Is obtalned from the cockpit Ignition swltch.
The complete wiring dlagram of the alrcraft system is found in Alr force T.0.
|F=4C, Page 3-39, Figure 3-16.

2.3.1.12 Inlet Guide Vane (IGV) Transducer

The IGV transducer consists of three ganged nonlinesr pots, two 7.000-ohm
pots and one 1000-ohm pot, the positions of which are proportional tr IGV
position. The transducer Is mechanically connected to the IGV linksge In a
manner similar to tha feedback system. The voltage ratios proportlonal to
IGV position are transmitted to the Compute./Display and the Signa' Data
Transducer.

2.3.1.i3 Q1 Pressure Swltch

The oll prassure switch is & differentlal pressure-actuated swlitch used
as a warning devlice to Indicate the lo.5 of turbine englne lubricating oll
pressure. The switch provides a ground signal to the Computer glsplay upon
loss of oll pressure.

Tha pressure switch has a pressure and vent port and Is actuated by the
pressure diffevential vetween poris. wnen oii pressure is 23 to 28 psld and
above, a diaphragm In the switch housing maintains the switch contacts Ir ths
open position. Wher booster-pump pressure drops to 20 (%i) psid and beinw,
the diachragm closes the switch contacts, providing a ground clrcult to the
master cauticn control box. The pressure switch operates as follows: on
increasing differentlal prassure, the switch will open the clrcuit at 23 to
%8 gsld and on decreasing differential pressure, the switch will close at 20

1)) pslid.
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2.3.1.14 01} Pressure (!glJ) Transducer

The ol pressure transducer is a synchro-style pressure transmitter (MHS).
The output signals are supplied to an indicator in the cockpit and to the
Signal Data Translator.

2.3.1.15 OI1 Sump Pressure (Pcllsump) Transducer

The oll sump pressure transducer Is a variable reluctance output type
differential pressure sensor which Indicates the proper functioning or

malfunctioning of the engine by indicating the common sump to ambient alr
differentiul pressure.

2,3.1.16 11 Temperature Switch

The oil temperature switch is a temperature-actuated switch used for
Indicating excessive olil temperature on the aircraft engine in flight. The
switch prov./des a ground signal to the Computer/Display upon excessive
temperature conditions.

2.3.1.17 0il Temperature (T II) Transducer

The oi! temperature transducer is a clamp-on and adhesive-bonded tempera-
ture transducer used for measuring the oll tempersture of the alrcraft engine
in flight. The transducer output is & variable resistance signal supplied to
the Signal Data Translator.

2.3.1.18 Power Lever Angle (PLA) Transducer

The power lever angle transducer is a single-turn precision }inear
variable resistor. The output goes to the Signal Data Translator.

2.3.1.19 Spool Speed|(N) Transducer

The spoo! speed transducer N is a miniature slectric three-phase,

two-pole a-c tachometer-generator (GEU-7/A). The output signal goes to the
Computer/Display and the cockpit indicators.

2.3.1.20 Total Tempersture (th) Transducer

The total temperature transducer is & duai-element total tempera-
ture probe capable of opersting during atmospheric icing conditions. The
dual elements are platinum wire, temperature-variable resistors which have
a nominal resistance of 50 ohms at 0°C.
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2.3.2 gomputer/Display

The F-4C system employs two computer/displays, one for each englne of the
F=4C. These units perform the same general functlons as the F=105 computer/
display and are Identical to the latter unlts In external confliguration. The
F-4C computer/display, as described In the F-105 system description, presents
red-flag Indications when any of several engine parameters exceed predetermined
timlts.

The computer/display for the left hand engine Is located In the forward
cockpit in the left aft corner above tha conscle., The computer/display for
the right hand englne Is also located In the forwerd cockplt In the rlght aft
corner just above the carsole.,

2.3.2.1 Computer/Display Operatlon

As In the case of the F-]05 system, the computer/display mechanlizes test
cell and thermodynamic performance parameters to provide a go/no-go assessment
at shutdown of gross engine health. The tests performed are the same as listed
ln SGCt‘On 2.2020' fOI" the F-l05o

The baslis for and machanlzatlon of the tests for the F-4C are essentlally
the same as described for the F-105 (Section 2.2.2). The principal differences
are the test limits employed. The test cond!tlons and limits for the F-4C
computer/displgy are shown In Table XI. A signal flow dlagram and functlonal
block diagram of the computer/display were presented earller as Flgures 6 and 7.
These dlagrams ldantify the eiements pecullar to the F-4C computer/display and
study of the dlagrams provide a working knowledge of the operation theory ef
the computer/display.

Tabies XII and XIII show the inputs, function ranges, and slew rates for the
parameters for the referred fuel flow and englne temperature ratlo computatlons.

2.3.2.2 Comgutur[blsglax Modules

The modular constructlon of the F=4C computer/display is ldentlcal to
that for the F~|05 and was shown eariler In Figure 7.
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TABLE XI

COMPUTER/DISPLAY FLAG CHARACTERISTICS

Test Test Condlitien Failure Trigger Level
I. Slow start Engine starting cycle Greater than 55 sec
from ignition or 10%
rpm to 50% rpm; locked
out thereaf*2r
2. Fast stop Engine shutiown Less than 20 sec
50% to 10% rpm
- - ]
3. Referred fue! flow S teady ?&ate engine V; s H; ref > 0.10 Hf ref
operatizu, non-
afterkaralng, non-
water njection
operoticn
4. Engine temperature Steady-state engine ETK meas -ETR r
ratio operation, non-
aftercurning, non-
water {riection
operation
5. High EGT
a. Mot start Eng'ne starting cycle | Greater than 1800°F (982°C)
to 20% rpm; locked
out thereafter
b. QOper=ztion Sustalned engine Greater than I1380°F (749°C)
operation
6. Engine overspeed
a. Maximum Any condition Greater than 105% N,
for
b, Kormal Any conditlon Greater Ehan 103.6% Ne
over | miti.
7. Low oil pressure N; greater than 90% Less than 21 psid
8. Migh oil temperature |Any condition Greater than 304°F (149°C)
9. Expended hot section Accumulation

factors

EGT %renter than
R (600°C)

1572

ef > 0.06 ETR ref
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J79-GE-|15/F-47 REFERRED FUEL FLOW COMPUTER/DISPLAY

TABLE XII

INPUTS, FUNCTION RANGES, AND SLEW RATES

1 Slew Scale
: Input unction! Source Range Rate Factor
. Vf ———— Fuel flow trans- |200 to (2000 NA Synchro -
; mitter Type J- pph 12.5 pph/deg
: 6A, per MIL-T-4598 to 3K pph
; 100 pph/deg
: above 3K pph
% Té ———- Alrframe total 3%0° to 1100°R NA Platinum wire
! : temperature with 50 Q
: probe, MIL-P- resistance
‘ 27723A, MIL-S ofc
27188-2
: Pt 538362~ -1 1.2 to 36 psia| Equivalent
: t Transducer to Ln Pt!
i Rate range
in i min
N -—— Alrcraft tach- 0 to 120 per-
ometer, type cent N:
f R-88G
t fe(Ag) | ~=-- Nozzle area po- Equivalent to NA
' tentiometer 2.0 to 5.0 sq
ft
fro{IGV) ---- 1GV potentiometer |~i6.5 to +19.5 NA
deg
- L Computer/Display |0 to 12,000 2000 pph/
servo repeater pph sec
- é Computer/Display {390° to 1100° | 3°F/sec
t isolation trans-
former
.——- N Computer/Display |Q to 120 per~ 25,000
spool speed servo Jcent N rpm/min
—— Ln N' [Computer/Display |6000 to 8400 Compatible
Ln N' servo rpm to N and
T, rate
L¥]
- RNI Computer/Display 10 to 0.6 Compatible
IRNI servo to P, and
) Ttl rate
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TABLE XIII

J79-GE-15/F-4C ENGINE TEMPERATURE RATIO CORPUTER/DISFLAY
INPUTS, FUNCTION RANGES, AND SLEW RATES

B

Slew
Inputs Function Source Range Rate
T —-- Computer/Display 390° to 1100°F 3% /sec
! isolation trans-
former
EGT ---- EGT Indicator, 700 to 2350°R
modifled MIL~I-
27209-A
N —eca Ajrcraft tach- 0 to 120 per- ———-
ometer, cent N
Type R-88G
Pt' ———— i.2 to 36 psia ———-
felAg) “——— Nozzle area po- Equivalent to NA
tentiometer 2.0 to 5.0 sq
ft
fqe(IGV) IGV potentiometer -16.5 to +19.5 NA
deg
Dy— T Computer/Display 390" to 1100°%R 3% /sec
2
isolation trans-
former
c——- Pt’ Transducer 1.2 to 36 psia Equivalent
s to Ln P
t2
Rate range
in | min
) N, Computer/Display 0 to 120 per- 25,000 rpm/min
cent N
“—-e Nj Computer/Display 6000 to 8600 Compatible to
N servo repeater rpm N and T,
rate v2
em= RN Computer/Display 0 to 0.6 Competible to
RNI servo P, and T!
te t2
rate
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2.3.2.3 Computer/Display Self-Test

Computer/DIsplay Self-Test |s actuated by the switch in the upper left
corner of the computer/display face. Position | of the swltch, marked NO
TRIP, simulates a norma! engine operating condition In the computer/display;
none of the flags should drop durlng thls phase of self-test. Poslitlon 2 of
the self-test switch, marked TRIP, sImulates an abnormal operating cond!tlon
in the computer/display, during which al! the flags must drop.

A schematlc wiring diagram of the self-test clrcultry Is shown In figure
i8. When the scif-test switch Is turned to position |, NO TRID, a set of ‘
Input slgnals corresponding to a typlcal engine operating condlit’on Is applled
to the computer/display. These conditions are simulated by resistive divding
networks., As mentloned above, none of the computer/dispiay flags st.ould drop.
Position 2 of the self-test switch, TRIP, appllies a set of signals correcpond-
ing to an abnormal operating conditlon., Thls Is simulated by an !mproper spool
speed slgnal for the other operating conditlons. Thls abnormal conditlon wlli
trip both the high consumption flag and the high engine temperature ratle: flag.
The remainder of the flags, which are switch operated, are tripped by tre
position 2 self-test clrcultry. Al! the flags should, therefore, trip when
the seif~test switch Is In position 2.

2.3.2.4 Computer/Display Callbration Adjistments

The controls for the calibration adjustments which adapt the computer/
displey for engine=to=e¢engine varlatlons and for transducer varlations are
the same as for the F-|05 (Sectlon 2.2.2.4).

2.3.3 Slignal vata Translator

The characteristics and operatlon of the F-4C signal data translator
are ldentical to those of the F-105 except for Inputs.and outputs. The
characterlstics of the Inputs to the F-4C SDT are spec!fled In 'Tables XIV
and XV. The format of the F=4C SDT ocutput ls as shown In Table XVI. For
all other aspects of the operation of thls unlt, refer to Sectlon 2.2.3.
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‘TABLE XV

PARAMETER FREQUENCY OF SIGNAL DATA TRANSLATOR OUTPUT

F-4C ENGIKT ANALYZER SYSTEM

Qnge Per Sec Per Engine

Every 2 Sec Per Engine

Flegt 20 Sec of Each Min

¢
EPR

PLA

T, (€0T)
T,

EGT

oll

ty
Poil—sump

IGN
AB

L) ¢
BLC
ENA

16V

Poil

20 diglts of documentary
dats, one digit each
second

2.3.4 Recorder

The F-4C and F-]05 systems use the sams recorder,
a description of the recorder design and operation character!istlcs.

2.4 Ground Callbrator

The Engine Anaiyzer Ground Callbrator P/N 538256~
ground support for the Englne Analyzer System.
and callbrgte the Computer/Display,

Ses sectlon 2.2.4 for

1-1 (Flgure 19) provides
It Is designad to check out
Signal Data Translator, and Recorder.

Ju—y

ST WY SR S SO



. NOT REPRCDUCINLE
TABLE XVI

TIME SEQUENCE OF SDT OUTPUT

F-4C (J79ENGINE)

THIS TABLE SHOWS WHAT SIGNALS ARE VO Bt ACCOKDED Iw TACH |/48TH SECOND TIME SLOT
OURING AN ENTIRE WINUTE. THE SEGNAL PATYLRAN §S IDENTICAL IN EACH SUCCESSIVE NMINUYE,

NEXTY
TIM IN SECOWDS (24483
———t
AL A =

, X AL AR A ‘
' Balager d) o o U TITRYCLIG NG, L O I A W O W I O I W O
|y POMCR LEVER ARGLE EMGINE WO. | ¥ '
: Ll fronuste I TTT] :
. REFERENCE  0.25 v AC, 11 OF FULL SCALE .
s RECERENCE 472 AV AC, P4.4% OF FULL SCALE ’
. ACFURENCE 30 My AC, 11 OF FULL SCALE | .
v REFERENCE 4 750 v BC, 9% OF FULL SCALE '
. POWER LEVIR ARGLE, ENGINE a0, 2 .

LA

. 1ERERRRCOCCANRNN '
w EFEATNCE  12.5 v AC, 308 OF FULL SCACE -
“ ) REFERENCE 5 MY AL, 14 OF FULL SCALE "
" AEFEREMCE S V AC, 1008 OF FULL SCALE "
“ REFERENCE so y v 8c, 1% oF FL SEALE o
" IMLET G oot VANE, ENGIRE WO. 1 "
" ) iAEPOJL SPEED, ENGIME WO 1T "
" ENGLRE PRESSURE RATIO (SIN) CMGINC WO. | M
" COMPRESSOR DSSCHANGE PRESSUME, (NGIME WO. | "

IMLEY TOTAL TEMPERATURE
JrutL FLOW, EMGINE wO. 1 . ]
N 4 | rowvin LEVER ANGLE, EMGINE NO. 2 g
SPOOL SHEED, EMGINE %0 2
ENGINE PRESSURE RATIO (COS)
COMPRESSOR DISCHARGE PRESSURE, ENGINE NO. 2 ;
NEFERENCE 5 v AC, 1005 OF FULL SCALE Yy T,
FUEL FLOW, ENGINE WO 2
e i T

TNLET TOTAL PRESSURE, EMGINC MO. 1 3.

IN 1/48THS OF A SECOMD
z

TINE WiTnin EACH SECOMD MEASURED

TAPE GAPPING LOGIC MO OATA TO @£ RECOAOED
T

TAPL GAPPING LOGIC WO DATA TO BE RFCORDED

" ur.m MRESSURE MATIO (sm ENGINE WO. 2 KR -

" . 4 3441444 -

» JRRAULT GAs TCHPLRATURE CNGINE WO, 1 -

» % i X ) . EXHAUST WOZZLE AREA, CMGINE NO. | X »

" : - : ERARRERBUINGININN) - - n

» INLET TOTAL PRESSURE, ENGINE NO. 2 n

. ENGINE PRESSURE RATIO (COS) EMGINE KO.

" ] Toic 1Ak mEssor= Ewcine o, o "t "
. REFEREKCE 5 ¥ AC, 0% Of FULL SCALL EREE

a EXMAUST MOZZLE ARL.., ENGIWE WO, e

- LT ] Tort venrnarome, encine wo. 1 -

" CONPRESSOR DISCHANGE TENPERATUME ENGINE 8O0, | . "

eBedol e dige ol ol obel g dapdegedel g ":‘;::‘)T‘.:m: Bdie "h-'-:L Al o aEsouongann L4

3 11| war useo T "

EXMAUST GAS TCHPLAATURL ENGINE WO, 2 M

REFIAENCE . 4,250 v DC, O%C OF FULL SCALE - T o

T et TENSERATURE, ENCINE 4O 2 . «

COMPRF 5500 mmsm TEMPERATURE NI “

:;.,-,...,-..:..u-:-:nn':‘:"'T""‘YTJ,'-‘T'-'?'TT'-‘:“‘v".' sl7fjtiofrfr]e -

[smc[ o

REFERIWCE 2 3 v AC, 508 OF FULL SCALE ¥ -

MO HORTIDBTAL (ME(K CRARACTER e

ULONGITUDINAL PARITY) OME CMARACTER TINE ONLY
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In addlilon, all submodules requirlng callbratlon can be callbrated and checked
by the simulated Tnputs provided by the calibrator. Any combination of the
Computer/Display, Sig:al Data Translator, or Recorder may be operéted slimul-
tancously. Appendix III presents the electricai clrcultry schematic of the
ground callbratlion.

‘With the exception of the GFAE tachometer tester TTU-27/EC, the exter-
nally supplied cables and holding fixture, al! simulated Inputs, and all read-
outs required are conteined within the basic unlit.

External equipment Is necessary only during troubleshooting; the external
equipment needed is a Tektronix oscllloscope Model 555 or equivalent and an
a-¢ voltmeter, Hevlett-Packard Model 400H or equivalent. The callbrator Is
contained in one chassis and requires only 1i5-v, 400 cps, 3-phase, and 28-v
d=c power tu furnish filght line or shop level test capabillty for the analyzer
system. The calibrator provides all the power necessary to drive any portion
of the engine analyzer system under test. The alternating current supplied
to the various components of the calibrator and to the component being tested
is accurately controlled by a self-contalned 3-phase vVariac. Provisions are
included for an external adjustable d-c power supply whenever variable direct
current Is required.

A blnck dlagram of the Graund Callibrator is shown in Figure 20.' The
outputs which the calibrator furnishes for the Computer/Display checkout pro-
vide stimull which can be varled cver the entire range of the Computer/Display
functions. The callibrator simulates the switch inputs to the Computer/Display,
such as high oll tempersture, by furnishing the required ground or 28-v d-c
signai; the variable functions, such as Ptz’ are simulated by potentiometers.

For checks of spool speed over the range, a GFAE tachometer tester,
Consclidated Alrborne Systems TTU-27/E, is used In conjunction with the cali-
brator. Testing of parameters other than spool speed is all done at one of
thres discrete rpm values for N: S0 percent, 85 percent, or |00 percent.
Thes. vailues supplied to the Computer/Display are tuning-fork cuntrolled for
maximum accuracy.

Fuel flow Input Is provided tc the Computer/Display by & synchro. Varl-
able over the fuel flow range, the synchro is adjusted by a synchro-positioner.

A self-contained ratlometer Is used to check fuel fiow and spool speed
signals from potentiometers on the respective servo shafts In the Computer/
Display. The callbrator contains a Dekatran to check the tctal temperature
and exhaust gas temperature signals from the transformer windings in the
Computer/Olepnlay. A self-contalned translestorized a-¢ YTYM 1g uszed for null
indicztion,

A switch is provided for the GComputer/Display elapsed engine time indicator.
This allows verification of proper indicator operation, after which the
indicator Is switched off to prevent the accumulation of indicated engine time
during ground testing.
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Provisions are included in the callbrator for testing the Computer/Display
spool speed module and the servc module. Energizing dc and a spool speed
slgnai are provided to the N module for Its checkout. A highly accurate
adjustable d-c signal is provided to simulate the N converter and directly
drive the chopper In the spool speed loop. The callbrator provides to the
servo module the necessary power, a fuel flow signal toc the Uf control trans-

former, and signais for the Reynolds number Index and Np servo follow-up
potentiometers.

All inputs to the Signal Data Translator are fixed signal points simulated
by reslstive dividers, tapped transformers, switches, and fixed resistors.
The gains on each Input are staggered to detect any shorts between channels.
The staggered points also provide an indication of the linearity of the
Individual active elements. Provisions for the callbration of the anslog-to-
dlglital converter module are Included. A resdout panel is provided which
presents the number and cutput of the channel being checked. Frame number
1s also presented to &llow stepping through 20 48-channel frames to check
each of the thumbwheel switch outputs. The channel and frame advance functlions
gate @ free-running osclliator to the Signal Data Translator clock Input.
Internal calibrator loglc counts the output pulses to provide the SDT with the
required number of pulses for chanre! and frame advance.

To check the recorder, the cailbrator provides a 9-v signal to each of
the recorder Inputs, in addition to the required power. A test point from
each of the record heads Is brought out, and the VIVM in the callbrater Is
used to see that there Is current of sufficient magnitude and proper phase
flowing In each head. The 720-cps clock slgnal Is also checked by the
callbrator by means of a small electronic counter and meter.

2.4.1 Callbretor Sub-Unlts

The ground callbrator is physically arranged in five separate panels
which are shown in Figure 21, Each panel and its accompanying chassis is
congldered gn Indlvidug! subunlt of the callbraior. The top pane! s the
power supply subunit; the second Is the ratiometer; and the third contains the
SDT readouts and the controls for stepping through the channels and frames
of the SDT. The chassis of the fourth panel, which is blank, holds the logic
cards for the SDT readout clrcuitry. The bottom panel is the switching panel
and contains the controls for the parameter simufation that the callibrator
supplies to the Engine Analyzer System. On the lower rlght side of the cabinet
are the connectors for the power required by the callbrator, and, behind &
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hinged door, are the connectors for the system components and modules. :
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description of each panel follows.

a. Power Panel--The power panel controls the 28-v d-c and |15-v, 400- ]
cps, three-phase power for unit checkout. The panel contalns meters for moni-
torlng, control switches, pilot lights, adjustments, and fusing for the 28-v
d-c power and the three-phase, 115-v a-c power. The fuses have pilot lamps
which light when a fuse blows. There is & four-position contral switch for
both the d~c and a-c supplies.




Face

Figure 2], Ground Callbrator
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phase and an excanded-scale voltmeter which can be switched to each phase or
to monitor the &-ohiase trimming. Fach phase is fused for 2 amps. The "OFF"
positions remove power from the units completely. The "STANDBY" position
supplies power to the ratiometer, readout, and the logic panels only. The
"PRIMARY" position supplies power to the Computer/Display for checkout of
"essential” circuits only. The "SEC" position supplies thz power required by
the modules, any combiration of Computer/Display, Signal Data Translator, and :
Recorder. i

-
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The d-c voltmeter is used to monltor the 28-v d-: bench supply, while the
expanded scale a-c meter monitors the three-phase output of the three-phase
adjust Variac by means of the phase monitor switch. The "Ag TRIM" control
acts as a vernier on the A-phase voltage when the Signal Data Translator is
being tested. This control adds or subtracts a smail voltage from the A-phase
and Is monitored on the a-c meter when the "PHASE MONITOR" switch Is in "A#
TRIM" positicy. Front panel fuses and power lamps are also provided.
Accessory power connectors are located on the rear of the chassis with access
through the rear cabinet door. i

P
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- b. Raticmeter--The ratiometer Is an ESI model 4000-3182 which functions ;
both as a ratiometer and digital voltmeter. All controls for operation are i
located on the front panel. Inputs to the ratiometer are controlled by the i
"RATIOMETER SELECTOR" switch located on the switching panel. :

A ey

c. Readout Panel--The readout panel contains all the control circuitry
for the various operational modes of the Signal Data Transiator and a visual
4 readout device which displays the Individual channel readouts (000 to 999),

i the channel :0 to 48) and frame counts (01 to 60). A separate power switch
and fuse are provided. the "Sync” switch {(which must be depressed at the

3 start of each checkout) is us2d to synchronize the calibrator to the Signal
Data Translator.

A - 431

The channel “ADV" swit<h will advance the Signal Data Translator one
channe) each time it is depressed. The readout and channel will visually
appear in the readout window. The channel "SLEW" switch permits rapid access
to any of the 48 Input chennels.

b The frame "ADV" switch wlll advance the Signal Data Translator one frame

3 {48 channels) each time It Is depressed. The number of the frame will visually
appear in the frewe readout window. The frame "SLEW" and "CONT SLEW" switches
permit rapid access to any of the 60 frames during testing or troubleshooting.

Bhociin,

‘]
The a~c power switching arrangement is ldentical to the d-c switching. ;
The ac, In additlton, is adjustable by meens of & three-phase Varlac and a :
trim adjustment for the A-phase. The ac s monltored by pllot lights for each i

A block diagram of the readout lagic Is presented in Figure 22, The

I ] channe!l and frame advance switches gate free-running 600-cps and 800-cps
B oscillators, respectively, to the counter logic and the SDT. When the required
i number of pulses for the desired advance have passed, the clock gates are
E closed and the frame and channel number are digitaliy displayed. The SDT out-
i put is read, converted from non-return-to-zero to decimal, the parity computed,
g and then displaced.
4
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d. Loglc Fingl--The logic panel converts the NRZ logic output of the
Signal Data Transiator Into decimal form which drives the visual display ~-
the readout panel. @Operatdr control Is provided by the resdout panel.

e. Switching Pene)--The switching pane! provides the simulated inputs
and required readouts for the modules, Signel Date Translator, Recorder, and
Computer/Display. Each control, beginning left top, left to right, will be
discussed below.

The "SDT Power Output” lamps "AC," "DC," and "GRD," indicate that proper
power Is available from the SDT for drlvlng the recorder.

The eight lamps labeled 7.5 percent through 105 percent, check switch
ciosure when the Computer/Dizplay "N Servo" module is being tested or
callbrated.

The "Lamp Test" switch is a self-test of the eight lamps previously
described.

The "Ratiometer EXT" and "(OV REF" jacks allow external use of the ratlo-
meter when the "Ratiometer Selectar™ s in "EXT" position.

The "Ln Pr, (I and 2)," "IGV (Ln F'° and Ln F®)," "ENA (Ln f; and Ln fo,"
"Ln EGT" and "Expended Life" are 10-turn precision potentiometers used to
simulate Inputs to the Computer/Display.

The "NULL" meter is used with the "AC RATIQ" ratiotran when reading the
inputs shown for the "Recorder,” "SBT," and "CO" on the "Functlion Selector"
switch.

The "Recorder Frequency" is 2 self-contained digltal counter which checks
the Recorder clock frequency during Recorder testing.

The "Rstlotran" and "Bridge"” test jacks allow external use of the "AC
Ratio" ratiotran and "NULL" meter when the "Function Selector" Is in "EXT"
position.

The "AC RATIO" ratiotran is a five-place a-c voltage divider used to
resd out 211 positions shown on the "Function Selector" switch except N} and
RNI positions. In these two positions, raticed voltages are supplied to the
Ni and RNl servo modules for calibration of the Vf, Ni, RNI servo moduie.

The "T, Sim" is & precision, five-place resistive network designed to
slimulate the total temperature probe during Computer/Display checkout and
calibration.

The "N Servo Command and ADC Input" simulator is a precision, five-place
resistive divider used to provide d-c voltage ratios when testing elther the
Computer/Display "N Servo Module" or the SDT "ADC" module. Its use Is con-
trolled by the "N and ADC IN" positions of the “"Ratiometer Selector” switch.
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The Wy simulator Is a precision 10-turn Acton positioner driving a

synchro which simulates fuel flow. The output Is used by the Computer/Display,
&nd the We, Ni, RNI Computer/Display servo module.

The "Function Selector” switch selects and routes the Inputs and outputs
of the "AC RATIO" ratlotran and "NULL" meter. When testing the Recorder,
positions 1, 2, 4, 8, and P read out acceptable limits of recorder head currents
on the"NULL" meter. At each position, the "Recorder Test" switch Is actuated
from "A" to "B" positlion. This checks that the record amplifiers provide
current reversals. Positions EI, E2, E3, and E4 are used to measure the a-c
transducer excltation on the "AC RATIO" ratlotran and "NULL" meter when testing
the $OT, Positions "EGT and TT REF" and "EGT and TT OUT" are used

to measure the C/D outputs to the SDT on the "AC RATIO" ratiotran and "NULL"
meter when testing the Compuier/Display. The remalning three positions were
discussed under "AC RATIO" ratlotran.

The "SDT SWITCH INPUT" switch simulates alrcraft swltch functions as
Indicated on the switch plate. These ar¢ used when testing the Signal Data
Translator.

The "Ratiometer Selector” selects all inputs for the ratiometer. N; and
Ln Np are used during N module calibration. Wg, Ln W, RMI (Fs and f;), and

N; (f, and fy) are used during calibration of the Wes RNI, N§ servo module.

Positions were previously discussed under "N Servo Command” and "Ratliometer",
respectively. "N Volts™ is used to monltor the N rate lockout signal during
Computer/Display checkout. The "ADC VOLTS" is used to check the S5-v d-c
reference when calibrating the ADC.

The "N FREQ SIM" provides three precislion frequency points for checkout
of the SOT and C/0. An "Ext" position Is provided to use the GFAE TTU-27/E
tachometer tester as a test Input,

All I3 toggle swltches, excent for the "Reoorder Test" previously
described, sre usad as marked dur ing checkout of the Wﬁﬁuiéi’/a:iﬁ:ly.

All connector receptacles are located on the switching panel chassis and
are accessible through an access door on the lower right side of the calibrator
cablnet.

In addition to the front panel controls described previously, the chass!s
contains all the simulated Inputs for the SOT. These Inputs consist of fixed-
gain, precision-callbrated, resistive dividers, transformwers, and resistors.

The characteristics of each are described In Tables XYII and XVIII under Accuracy.

2.,4.2 Simulator Characteristics and Accuracy

The important characteristics snd accuracies for all the simulated Inputs
required by the Engine Analyzer System are tabulated below. These are divided
into two groups (!) front panel veriasble functions which heve been previously
described and are used mostly for Computer/Display checkout and callbration;
and (2) the fixed-galn simulated Inputs for SDT.
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TABLE XVII
FRONT PANEL FUNCTION
|_Function Reylce _Accuracy _Cosgnt
D-c power Meter 2% -
A-c power Meter 0.2% FS Expanded meter
callibrated at ((5 v

Ratio Ratiometer 20.0% full scale -

plus 0.002% per °C

from 25°C
P-c voltage Ratiometer 10.01% full sczle -

plus 0.002% per °C

from 25°C
Readout snd logic Digltal No error -
panels
Pra (1) (0T potentiometer | 20.1% FS -
Pr2 (2) 10T potentiometer | 20.1% FS -
Ln EGT 10T potentiometer | 20.1% FS -
Expended 1ife 10T potentiometer | 20.3% FS -
EGV LnflO 10T potentiometer | 0.2% FS -
1GV Lnf9 10T potentiometer | $0.3% FS -
ENA Lnf2 10T potentiometer | 20.1% FS -
EMA Lnfé 10T potentiometer | *0.i%H FS -
Ml Neter 0.5 mv -
Recorder freq Digltal clreult 0.1% at 720 cps -

snd mater

A-c ratlo Ratlotran £0.002% FS -
T, SIM Dekastat £0.5°R -
ADC input Dekastat 20.1% FS -

prrrmen
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TABLE XVII (contlnuad)

| —Eupction Bevice Accurocy Lomeont
We SIM Synchro and 20,2 deg -
positiconer
N FREQ SIM Tuning fork 10.02% of Fixed frequency
osclliator frequency points at 35, 43,
and 70 cps
TABLE XVIII
FIXED SDT FUNCTIONS
(INTERNAL TO CALIBRATOR)
Fixed Output
or Geln Setting
[_Ffunction Revice 1 _ Setting Accuracy |
We No. | Resistive 0.010 20.2% Ind
Divider
We No. 2 Resistive 0.120 20.2% ind
Divider
Ag No. | Resistive 0.140 10.2% Ind
Oivider
Ag No. 2 Resistive 0.160 20.2% ind
Divider
Ag No. 2 Resistive 0.160 £0.2% ind
Divider
PLA No. | Resistive 0.500 $0.1% Ind
Dlvider
PLA No. 2 Resistive 0.520 0.1% ind
Divider
IGV No. | Resistive 0.540 £0.1% ind
Divider
IGV No. 2 Resistive 0.560 20.1% ind
Dividsr
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TABLE XVIII (contlnued)

Fixed Output
or Gain Setting
{—Eunction Revice —Setting _ J _ Accyrscy |
Spare CH 26 Resistive 0.570 $0.1% ind
divider
Spare CH 32 Resistive 0.580 10.1% FS
divider
To1g Moo | Resistive 0.50 10.1% FS
Ty Moo 2 Resistor 0.1% 10.1% FS
N' 475 Tuning fork 33 cps 0.2~ of
oscillator 63 cps frequency
70 cps point
“2 J78 Resistive 0.900 0.1 Ind
divider
N J79 No. | Resistive 0.920 10.1% ind
divider
N J79 No. 2 Resistive 0.940 20.1 ind
divider
Prp No. | Resistive 0.960 20.1% Ind
divider
Prp Mo. 2 Resictive £.020 20.1¢ 1nd
divider
€OT No. | Resistor 0.099 10.2% FS
COT No. 2 Res!istor 0.050 10.2% FS
EPR No. | Transformer EZ 120 deg 20.25% Ind
EPR No. 2 Transformer EZ 240 deg $0.25% ind
Poi) Moo ! Transformer EZ 0 deg 20.25% Ind
Po1) No. 2 Transformer EZ 300 deg $0.25% ind
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TABLE XVIII {Continued)
Fixed Output
or Gain Setting
|—Function Pevice §etting Acguragy |
Pcd No. | Transformer 0.450 v ac $0.25% Ind
Py Mo. 2 Transformer 0.225 v ac $0.25% ind
Po o1 Moo ! Transformer 0.045 v ac $0.35% ind
Po 011 No- 2 Transformer 0.005 v ac 30.5% Ind
Po ol Transformer 12.95 v ac $0.25% ind
Spare CH 47 Transformer 0.450 v ac $0.25% ind
Trz ref Transformer 4.50 v ac $0.25% ind
T'rz out Transformer 2.50 v ac $9.25% ind
EGT No. ! ref Transformer 4.50 v ac $0.25% ind
EGT No. | out Transformer 3.25 v ac 20,25% ind
EGT No. 2 ref Transformer 4.50 v ac $0.25% Ind
EGT No. 2 out Transformer 1.25 v ac $0,25% Ind
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APPENDIX I
CIRCUIT SCHEMATICS FOR F-105D
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— INPUT: 10V 0.5 VAC, 400 CPS
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OUTPAUT § —— E ""-'-'1
0.5 VAC
AT MAX F
PRESSURE
A-37022
Figure 23. Ofl Breather Pressure (P/N 538747-2) and

Compressor Discharge Pressure (P/N 538947-1)
Transducer Circult ‘Schematic
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Figure 24. Compressor Dlscharge Temperature Transducer
(P/N 533952} Circult Schematic
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Figure 25. Compressor Inlet Pressure Transducer
(P/N 538962-1-1) Clircuit Schematic
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Figure 26. Exhaust Gas Temperature Transducer
(P/N 538380) Circuit Schematic
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r Figure 28. Ol1 Temperature Transducer (P/N 538950) i
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Schematic 898-308 for the Data Recorder System
EMR-2, P/N 538936, is available from Elgin
Research and Development, Division of Elgin
National Watch Company, Elgin, Illinois,
Drawing 898-308 Project 20898.
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(P/N 538947-1) Circult Schematic
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Circuit Schematic
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